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FoR POPULAR ASTRONOMY. 

The remarkable circularity of the orbits of the planets of the 
solar system has been remarked from the earliest ages of Sci- 
ence. This characteristic property among the orbits of the five 
major planets known to the ancients was the principal circum- 
stance leading to the development of the Ptolemaic System of 
Astronomy, which continued in use till the time of Copernicus. 
It was this singular circularity also that so greatly increased 
the labors of Kepler in discovering and proving the elliptical 
law of the planetary motions. In the case of the planet Mars, 
however, an orbit was at length found which was sufficiently 
eccentric to enable him to demonstrate trom the observations 
of Tycho Brahé that the path was a true ellipse, and not an 
eccentrically-placed circle, as had been supposed since the time 
of Hipparchus. 

The four large satellites of Jupiter discovered by Galileo in 
1610 were soon found to exhibit in their orbital motions about 
that planet the same extreme circularity that was already famil- 
iar in the case of the orbits of the major planets about the Sun; 
and the tendency to perfect roundness in the paths of the satel- 
lites has so often been confirmed by other discoveries made 
during the past three centuries that this property has natural- 
ly attracted the attention of all philosophic observers. The 
planet Uranus, added to our system by Herschel in 1781, along 
with Neptune, discovered from the theoretical researches of 
Adams and Leverrier in 1846, both preserve the same remark- 
able circularity of orbit which originally called forth the ad- 
miration of the Greek geonieters; and the orbits of the satellites 
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of these remote planets have likewise proved to be perfectly 
circular so far as can be judged from the finest observations 
made with the largest modern telescopes. 

The fact of this wonderful roundness of the orbits of the 
principal planets and satellites excited the speculative curiosity 
of Kepler and Newton, but at that early date the cause of this 
remarkable phenomenon necessarily remained very obscure. In 
due time it was noticed also with equal surprise by Clairault, 
Euler, and Lagrange, but these great geometers have left us no 
record of their conclusions as to how the property arose. To- 
gether with the slight inclination and common direction of mo- 
tion, the small eccentricity of the orbits was one of the princi- 
pal points of departure in the celebrated researches of Lagrange, 
Laplace, and Poisson, on the stability of the solar system, with 
which the famous mathematicians of the 18th century were so 
greatly occupied. 

Though all these illustrious geometers followed the Greeks in 
admiring Nature’s apparent preference for the circle, no one of 
them attempted to explain the remarkable roundness of the 
planetary paths till Laplace promulgated his celebrated Nebuiar 
Hypothesis (cf. Exposition du Systéme du Monde, Note VII et 
Derniére, Paris, 1796), and accounted for this circularity of the 
orbits by a rotation of the central masses which had detached 
the attendant bodies quite gently and set them revolving in 
paths of correspondingly small eccentricity. 

This explanation of Laplace naturally carried with it the 
great prestige of the illustrious author of the Mécanique Céleste, 
and has now been very generally accepted by astronomers for 
more than a century. And yet it may easily be proved to be 
untenable and altogether devoid of foundation. In fact it will 
be shown below that the roundness of the orbits of the planets 
and satellites is to be ascribed to the secular action of the neb- 
ular resisting medium formerly pervading our solar system; and 
that these bodies have never been detached from the much larger 
central masses which now govern their motions, by accelera- 
tion of rotation, as was supposed by Laplace; but have al] been 
captured, or added from without, and have had their orbits 
reduced in size and rounded up under the secular action of the 
nebular resisting medium. It may be demonstrated that it was 
this resisting medium and nothing else which has given the 
paths of the planets and satellites that beautifully round form 
which has always been equally admired by the astronomer, the 
geometer and the natural philosopher. 
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To establish the truth of this proposition with entire clearness, 
let us first apply to the bodies of the solar system a criterion 
based on the mechanical principle of the conservation of areas, 
which was proposed by Babinet in 1861 (Comptes Rendus, 
Tome LII, p. 481, March 18, 1861). In the paper of Babinet 
here referred to it is shown that if » be the Sun’s angular veloc- 
ity of rotation with radius r, and o’ and r’ the same quantities 
when the matter of this globe is expanded into a sphere of radi- 
us r; then by the law of the conversation of areas 


er w r (1) 


As to the derivation of this formula it is sufficient to recall that 
the square of the radius is the same as that which appears in 
the moment of inertia of a rotating mass, and the product of 
this by the angular velocity » gives the moment of momentum, 
which is always a constant in any free rotating system subject- 
ed to no forces except the mutual attraction of its parts. Thus 


: Smrw = wSmr? w’ Smr”* (2) 


In the case wheré the matter of the Sun is expanded to fill 
the orbit of the Earth, we take r 109.5, and r’ 23445, and 
get w' (23445)? = 0( 109.5)’; 

Table showing the Application of Babinet’s criterion to the 
Planets and Satellites, when the Sun and Planets are expanded 
to fill the Orbits of the Bodies revolving about them. 

And the time of the Sun’s rotation, when the matter of that 
globe is expanded to the Earth’s orbit, becomes 


d w d [23445 \2 
2 
- Be = 3198 vears ‘ 
25.3 w’ = 25.3\ 109.5 / ‘ (. 


And when the matter of the Sun is imagined expanded to fill 
the orbit of Neptune, at a mean distance of 30, we have for the 
time of rotation of the hypothetical solar nebula 


d Lh pt Soy 
25.3 = 25.3 \ 109.5 / : (4) 
Adopting the system of constants for the solar system employ- 
ed in the paper in A. N. 3992, with the latest results for the 
new satellites of Jupiter and Saturn, we find for the entire solar 
system the following table, which requires no furtherexplanation. 
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Solar System 


Planet | 


| Mercury 


Venus 
The Earth 
Mars 
Ceres 


| Jupiter 


Saturn 
Uranus 
Neptune 





Sub Systems 


The Earth 
























Mars 


Jupiter 


Saturn 


Uranus 


Neptune 





Satellite 


The Moon 


Phobos 
Deimos 
y 

I 
II 
III 
IV 
VI 
VII° 
VI 


Inner Edge 
of Ring. 
Outer Edge 
of Ring. 
Mimas 
|Enceladus 
|Tethys 
Dione 
Rhea 
Titan 
Hyperion 
|Japetus 
Phoebe 


\Ariel 


/Umbriel 
\Titania 
Oberon 
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' (cf. A.N.3992) 


Ro Po 
The Sun’s ob- | Observed Pe- 
served Time | riod of 
of Rotation. Planet. 


25.3 days 
—0.06267 yrs. 
0.61237 
1.00000 
1.88085 
4.60345 
11.86 
29.46 
84.02 
164.78 


Adopted Rota-|Observed Pe- 


tion of Planet. |riod of Satellite. 


1 day 27.32166 d. 


24.62297 hrs. 
30.2983 
9.928 hrs. 11.9563 
3.5540942 
7.1663872 
16.7535524 
250.618 
265 O 
930.73 
10.641 hrs. 


0.236 
0.64.56 


0.94242 

1.37022 
1.887796 
2.736913 
4.517500 
15.945417 
21.277396 
19.3 


329375 
546.5 


ade 


10.1112 hrs 
(cf. A.N 3992) 


2.520383 
4.144181 
8.705897 
13.463269 


12.84817 hrs. 5.87690 


7.6542 hrs. 


Re 
Time of the 
Sun’s. Rota- 


tion Calcu- 
lated by Bab- 
inet’s Criterion. 


479 yrs, 


1673 
2198 
7424 
24487 
86560 
290962 
1176765 
2888533 
Time of 
Planet’s 
Rotation, 
Calculated 
by Babinet’s 
Criterion. 
3632.45 d. 


190.52 hrs. 
1193.52 


64.456 
1.7698605 d.| 


14.60 
36.900 
93.933 
290 68 
10768.8 
11602. 
61997. 


Ce 


0.6228 
2.383 


4.2902 
7.0615 
10.822 
17.751 
34.620 
186.05 
273.06 























It will be seen from a study of the remarkable data given in 
this table that the hypothetical solar nebula, when it extended 
to the orbits of the several planets, as imagined by Laplace, 
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could not have rotated with sufficient velocity to detach any of 
these masses. This inference was already drawn by Babinet in 
1861. Indeed he first applied the criterion to the cases of the 
Earth and Neptune. I have developed the table to show more- 
over that none of the satellites could have been detached from 
their planets, and thus the argument against the detachment of 
the planets and satellites is complete and unanswerable. 

By the logic of exact data based ona mechanical law of un- 
questioned validity and without any assumptions as to the law 
of internal distribution of density except that it remains un- 
changed, we are thus compelled to admit that the premise 
adopted by Laplace was false and unjustifiable, when he suppos- 
ed that the planets were detached from the Sun, and the satel- 
lites detached from the planets, by acceleration of rotation. 
Thus this venerable explanation of the roundness of these orbits 
falls to the ground. 

Now the planets and satellites could be formed in but one of 
two possible ways: (1) They might conceivably have been de- 
tached from the central masses which now govern their motions, 
by acceleration of rotation, as supposed by Laplace. (2) They 
might have been original nuclei captured in the midst of the 
solar nebula, and afterwards built up gradually by the ag- 
glomeration of more cosmical dust, while at the same time the 
orbital motion in this resisting medium would have reduced the 
major axes and eccentricities of their orbits and thus produced 
the near approach to perfect circularity now observed in our 
solar system. 

We have, however, just proved, by the application of Babinet’s 
criterion, based on the law of areas, that these bodies could not 
have been detached trom the central masses about which they 
now revolve. Accordingly it follows that they were all captur- 
ed, and have since had their orbits reduced in size and rounded 
up under the secular action of the resisting medium formerly 
pervading the planetary system. 

From this unexpected conclusion there is absolutely no escape. 
We may prove it by the following reasoning. The effect of 
a Resisting Medium in reducing the major axis and eccentricity 
of the orbit of the resisted body is tully recognized, and has 
been known for more than a hundred years. The formulae tor 
the changes of these two important elements may be reduced to 
the form 


2a? 


a= - (1 + m) A’v + periodic terms | ; 
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jie= ~< [4 ev + periodic terms ] ’ 


(6) 


where p is the parameter of the orbit, a the semi-axis major, 
e the eccentricity, v the true anomaly, and m the mass of the 
resisted planet, and A and. A’ constants. As both of these ex- 
pressions are negative, it follows that under the secular action 
of a resisting medium the major axis and eccentricity always 
decrease. In deriving these formulae, however, the density of 
the resisting medium is supposed to increase towards the center, 
conformable to what is observed in the nebulae and shown to 
result from the theory of gases. 

Laplace himself has discussed this question with characteristic 
penetration in the Mécanique Céleste (Liv. X, ch. VII, $10). He 
shows that when the density of the medium, represented by 


1 ; . ; p : 
a( -) , increases towards the Sun, the semi-axis major and eccen- 
Ps 


tricity always decrease; and finally remarks: ‘Therefore at the 
same time that the planet approaches towards the Sun, by the 
effect of the resistance of the medium, the orbit will become more 
circular.” 

It is suprising that it did not occur to the author of 
the Mécanique Céleste that the roundness of the orbits of the 
planets and satellites could be explained by a resisting medium 
quite as easily and simply as by the theory of a rotation which 
would gently detach these masses and set them revolving in 
orbits which are nearly circular, especially since the nebular hy- 
pothesis itself necessarily implies the existence of such a medium 
where the planets and satellites now revolve. Laplace merely 
remarks that if the nebula filled the whole of this space the 
bodies would encounter such resistance as to cause them to fall 
into the Sun; but in making this statement he overlooked the 
tact that most of the nebulous matter did go into the Sun, and 
planets, and it is from this circumstance that the central masses 
became so preponderant, while the attendant bodies are in all 
cases so very small. 

During a recent conference with my friend Professor George 
Davidson, I mentioned Laplace’s proof that a resisting medium 
had formerly acted against Jupiter’s satellites I, II, III, to bring 
about a near approach to commensurability in their mean mo- 
tions, and thus enable their mutual attraction to establish a 
rigorous relationship under the influence of this slowly acting 
cause. This venerable astronomer justly remarked: ‘Laplace 
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had the true cause in sight, but he did not carry it far enough 
to discover the actual process by which the solar system was 
formed.”’ 

Evidently Laplace had not tested his nebular hypothesis by 
the criterion based on the conversation of areas, afterwards pro- 
posed by Babinet, and it simply did not occur to him that the 
circularity of the orbits pointed unmistakably to the secular ac- 
tion of a resisting medium. As the very existence of a nebula 
implies resistance to bodies revolving within it, this oversight is 
the more remarkable; and unfortunately not only was Laplace’s 
reasoning vitiated, but an equally disastrous effect exerted on 
all other investigations in Cosmical Evolution for more than a 
century, because all mathematicians followed the same line of 
thought, on the false premise that the planets and satellities 
were detached from the central bodies which now govern their 
notions. 

Ifin the light of this new theory ot the shaping of the or’its 
under the secular effects of resistance we examine our solar sys- 
tem carefully we shall find many phenomena confirming the 
former existence of such a medium in our system. 

It must suffice here to call attention to but a very few of the 
numerous survivals of the primordial resisting medium still 
shown by our system : 

(1) The rapid motion of Phobos, the inner satellite of Mars, 
which has been brought down near the planet by resistance, 
till it now revolves in less than a third of the time of the 
planet’s rotation. It is true that Professor Sir G. H. Darwin 
explains this motion of Phobos by a tidal retardation of the 
axial rotation of Mars, but in view of the large part undeniably 
played by the resisting medium in the formation of our system 
as a whole this explanation will not hold, though a very small 
part of the observed effect may be traceable to Tidal Friction. 

(2) The famous inequality in the motions of the three inner 
Galilean satellites of Jupiter, which point unmistakably to a re- 
isting medium, as was sagaciously pointed out by Laplace in 
1796. His remarks on this subject are as valid and convincing 
as any which could be made to-day. 

(3) The observed rapid motion of the inner ring of Saturn, 
which greatly exceeds the axial rotation of the planet. The 
rings evidently were never detached trom the planet, but simply 
survive out of a much larger mass of cosmical dust which has 
been absorbed in buildingup the massof Saturn. All the data in 
the table relative to Babinet’scriterion bear on this same question. 
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(4) The general fact that the satellite orbits are so round, 
and in general rounder and rounder the nearer we approach the 
planets, confirms the capture of these bodies in a medium which 
was denser towards these centers. The roundness of the satel- 
lite orbits shows that resistance was very effective from Mars 
to Neptune, and therefore no doubt throughout our whole solar 
system. 

(5) The retrograde motion of Saturn’s satellite Phoebe and 
Jupiter’s VIIIth satellite is likewise to be explained by the cap- 
ture of these bodies. Whatever may have been their original ec- 
centricitiesat the time of capture, even retrograde directed bodies 
could have survived, because the medium against which they 
revolved was of very slight density at that great distance from 
the planets. This slight density of the resisting medium at this 
distance is also indicated by the survival of considerable eccen- 
tricities in the orbits of these two satellites. The eccentricity 
of the orbit of Phoebe is given as 0.22, that of Jupiter VIII as 
0.44, which are certainly anomalous enough to excite our sus- 
picion. It is not by chance that retrograde motion in these two 
‘ases is associated with the highest eccentricities observed 
among all the satellites thus far discovered. 

(6) The orbits of the Asteroids have been gathered into their 
present positions mainly by the action of Jupiter and of the re- 
isting medium. Originally they were more widely distributed 
over the whole system than at present; but even now they 
overlap the orbits of Jupiter and Mars and there may be others 
of still wider range. 

(7) The extreme roundness of the orbit of Neptune is a clear 
indication that this planet moved for a long time against a 
vast amount of nebulous resistance. Therefore it is very im- 
probable that our planetary system terminates with Neptune. 
In all probability there are several more planets bevond the 
present boundary of the system, some of which may yet be dis- 
covered. 

(8) The equatorial accelerations noticed on the globes of the 
Sun and of Jupiter and Saturn, are to be explained by the fall- 
ing in of matter revolving in vortices about these bodies. As 
the orbital motion of this matter near these bodies exceeds that 
depending on the axial rotation, the falling particles necessarily 
produce an equatorial acceleration. This process may still be 
going on; at any rate it has been in progress so recently that 
the effects still continue. 


(9) The solar system was formed from a spiral nebula, re- 
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volving and slowly coiling up under mechanical conditions 
which were essentially free from hydrostatic pressure. And 
spiral nebulae themselves arise from the meeting of two or more 
streams of cosmical dust. The whole system of particles has a 
sensible moment of momentum ahout some axis, and thus it 
begins to whirl about a central point, and gives rise to a 
vortex. In the actual universe the spiral nebulae are to be 
counted by the million, and it is evident that they all arise 
from the automatic winding up of streams of cosmical dust, 
under the attraction of their mutual gravitation. The two op- 


Pre 


posite branches ot the spiral nebulae, so often shown on photo- 
graphs, represent the original streams of cosmical dust which 
are coiling up and forming gigantic spiral systems. 

(10) When the nebula rotates and the coils wind up in such 
a way as to leave open spaces between the coils, or at least free- 
dom from sensible hydrostatic pressure, the usual result is the 
development of a system made up of small bodies, such as the 
planets compared to the greatly preponderant Sun, or the satel- 
lites compared to the much greater planetary masses which 
control their motions. In the solar system where the conditions 
are accurately known this is proved to have occurred; and it 
was repeated so many times always with uniform results giv- 
ing alarge central mass and small attendant bodies that the 
general law for this condition is clearly established. 

(11) If the streams so converge that the nebulous mass be- 
comes very concentrated at the center, so as to become a figure 
of equilibrium under the pressure and attraction of its parts, the 
nebula may divide into a double star, as I have elsewhere in- 
ferred from the researches of Poincaré and Darwin on the figures 
of equilibrium of rotating masses of fluid. 

(12) Now both of these forms of development are abundant 
in the actual universe, and probably almost all of the apparent- 
ly single stars are surrounded by systems of planets. At least 
one fifth of all the stars are estimated to be double or multiple. 
If we assume the chances of the two forms of development to be 
equal we may calculate from the preponderance of small bodies 
actually found in the solar system—eight principal planets, 
twenty-nve satellites (besides our Moon), and 625 asteroids— 
that the chances of a nebula devoid of hydrostatic pressure pro- 
ducing small bodiesis about 2 to 1, ora decillion decillion (10")° 
to the sixth power to unity (10). This figure is so very large 
that we shall content ourselves with illustrating a decillion 
decillion, and for this purpose we avail ourselves of a method 
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employed by Archimedes to illustrate his system of enumera- 
tion. Imagine sand so fine that 10,000 grains will be contain- 
ed in the space occupied by a poppy seed, itself about the size of 
a pin’s head; and then conceive a sphere described about our 
Sun with radius of 200,000 astronomical units (a Centauri being 
at a distance of 275,000), entirely filled with this fine sand. 
The number of grains of sand in this sphere of the fixed stars 
would be a decillion decillion (10). All these grains of sand 
against one is the probability that a nebula devoid of hydro- 
static pressure such as that which formed the planets and 
satellites will lead to the genesis of such small bodies revolving 
about a greatly predominant central mass. 

This is a very brief and inadequate outline of a few of the 
leading points in a very large investigation with which I have 
been occupied. Most of these results were established over six 
months ago, and I have had opportunity to discuss them with 
several experienced astronomers. It is hoped that the whole 
investigation may appear as Volume II of my Researches on 
the Evolution of the Stellar Systems; but it seemed advisable 
to communicate this brief summary of some of the most inter- 
esting points without further delay. 

The effect of this work will be to give the Theory of the Re- 
sisting Medium the highest importance in all researches relating 
to the history of the Universe. It is very remarkable that the 
principal secular effects of this cause are exactly opposite to 
those due to tidal friction as investigated by Darwin. For while 
tidal friction usually increases the major axis and eccentricity 
of an orbit, the resisting medium as regularly decreases both of 
these elements. In the actual physical universe both causes are 
at work together, sometimes one influence predominating and 
then the other. Resisting medium is relatively most effective in 
a system made up of a large central sun, and small attendant 
bodies such as the planets of our solar system; and in the sys- 
tems of satellites dominated by large planets. Tidal Friction is 
most effective in systems made up of two large masses, such as 
the double stars. 

It has seemed worth while to call attention to the cause of the 
roundness of the orbits of the planets and satellites because it 
appears likely that the criteria now introduced may go far to- 
wards clearing up the mystery which has always surrounded 
the origin of our solar system. 

U. S. Naval Observatory, 
Mare Island, Cal., Jan. 1, 1909. 
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THE ORIGIN OF METEORITES. 
WILLIAM H. PICKERING 


FoR POPULAR ASTRONOMY 

By the term meteorite as distinguished from meteor, we refer 
to those bodies that actually strike the Earth’s surface. Meteor- 
ites are usually divided into two classes, those composed chiefly 
of iron, and those composed chiefly of stone. Of the 292 actual- 
ly observed meteoric talls that took place during the last 
century, only twelve, or about four per cent, belonged to the 
first class, yet in our cabinets the two classes are represented 
in nearly equal numbers. The explanation of this strange anom- 
aly lies in the fact that unless the fallhas been actually witnessed 
close at hand, very few of the stony meteorites are ever found. 
Ot 328 in the collection of the British Museum, 305, or 93 per 
cent, were seen to fall. This is partly because these bodies to 
ordinary inspection appear very like common stones, and there- 
fore are not recognized as meteorites, and partly because owing 
to their physical and chemical structure they are readily decom- 
posed by the action of the elements. 

It has been suggested that if meteorites were formerly much 
more common than at the present day, we should find their re- 
mains, in the earlier geological strata. This does not necessarily 
follow however, and it is probable that, owing to disintegra- 
tion and decomposition, we should not now be able to recog- 
nize them as such, or distinguish them from the earlier basaltic 
lavas with which they are closely allied, both in chemical and in 
mineralogical composition. Beneath the sea, however, they 
have been preserved, and it is clear that in former 
times they must have been very numerous, for in the abyssmal 
depths, where little recent sedimentary matter occurs, their re- 
mains are frequently found. Geikie in his Text-Book of Geology 
page 584, writing of this region, says “In these deposits, 
moreover, Occur numerous minute spherular particles of metal- 
lic iron and ‘chondres’ or spherical internally radiated particles 
referred to bronzite, which are inall probability of cosmic origin— 
portions of the dust of meteorites which in the course of ages 
have fallen upon the sea-bottom.”’ 

It is the almost universal custom to associate meteorites with 
falling stars, and to say therefore that they are of cometary or- 
igin. This relationship however is not as obvious when we begin 


to examine into the case, as it at first sight appears. A prom- 
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inent difficulty is that the distribution of the meteorites 
throughout the year differs very materially from that of the 
falling stars and fireballs. While these last two are about 
twice as numerous during the latter half of the year as during 
the first half, the meteorites are more numerous during the first 
half of the year. From this we should infer that while per- 
haps all meteorites are fireballs, that only comparatively few 
fireballs became meteorites. The dividing line between meteor- 
ites and falling stars then lies among the fireballs, the swiftly 
moving ones being allied to the falling stars, and the slowly 
moving ones to the meteorites. 

It is now generally accepted that the crystalline and often 
conglomerate structure of these bodies proves them to be but 
the fragments of much larger bodies that have in some manner 
been destroyed, or from which they have otherwise become 
separated. Many believe that the crystalline structure of the 
iron meteorites indicates a slow cooling, while some say that 
the structure of the chondres of the stony meteorites must cer- 
tainly have been produced by a very rapid crystallization due to 
a sudden exposure to a lower temperature. 

It was formerly thought by some that these bodies might 
have been expelled from the Sun. Although it is quite possible 
that solar explosions in past ages were sufficiently violent to 
project these bodies with the necessary cometary velocities, yet 
we cannot believe the Sun to be the direct source of them, since 
it is improbable that either solid stone or iron should ever have 
existed upon its surface or within its interior. Nor is it easy to 
explain how with such an origin the meteorites should have 
acquired their present orbits. 

Some of the earlier cosmogonists referred their origin to the 
terrestrial or lunar volcanoes. This is manifestly impossible in 
the case of the Earth, since even prehistoric volcanoes could not 
have expelled their products with such force that after leaving 
the confines of our atmosphere, they should still retain a velocity 
of over seven miles per second. Yet this is the speed required 
to prevent an immediate return to the Earth’s surface. More. 
over, although volcanic eruptions in prehistoric times were un- 
doubtedly more frequent and voluminous than at present, it is 
by no means certain for theoretical reasons, that they were 
then any more violent than they are to-day. 

Meteors escaping from lunar voleanoes would not have to en- 
counter a dense atmosphere, and furthermore their required 
parabolic velocity would be appreciably less. But even under 
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the most favorable circumstances, in order to escape both the 
Moon and Earth a speed of over two miles per second would 
be required. That attained, they would then be controlled by 
the Sun, and might be picked up at any later time by our 
planet in its orbit. The objection to this explanation is that no 
explosive volcanoes have ever been detected upon the Moon, all 
the craters being of the engulfment type. It is therefore very 
improbable that such extremely violent explosions could have 
occurred there. 

In the Astrophysical Journal 1901 XIV 17, Professor 
Chamberlin elaborates a very interesting theory explaining the 
origin of meteorites, and that of comets as weil, as due to the 
destruction of one or more small planets by the near approach 
of another sun to our system. That some of the iron meteorites 
are allied to comets is implied in the fact that out of the twelve 
that were seen to fall during the past century one appeared 
during aconspicuous shower of Andromedids that occurred on 
the night of November 27, 1885. Another appeared on April 20, 
1876, the date of the Lyrids, one of the four groups of meteors 
that are clearly associated with periodic comets. Moreover 
meteorites have appeared during other star showers. In 
tell during the brilliant meteoric display of April 4, 1095. Its 
composition unfortunately is unknown. This also was probably 
a Lyrid. 


Clerke’s History of Astronomy 1902, 340, is mentioned one that 


No similar evidence has as yet been found, however, that the 
stony meteorites are allied to comets, and the fact that their 
monthly distribution bears no relation to that of falling stars 
which certainly are so allied, is distinctly contradictory to the 
hypothesis. The following table gives the relative frequency of 
falling stars, fireballs, very slowly moving fireballs, and meteor- 
ites, throughout the year. The first column gives the month, 
and the second the number of hours of observation during the 
seventeen years from 1873 to 1889 inclusive, devoted by Mr. 
Denning to the recording of meteors, WM. N. 1890 1,410. The 
total number of meteors registered in that time was 9,177. 
The third column gives the horary rate deduced by him, omit- 
ting however all the Perseids. The fourth column is derived 
from the table published in the same volume page 84, and gives 
the monthly distribution of 217 fireballs, chiefly as bright or 
brighter than Jupiter, observed by Mr. Denning during the 
thirteen years from 1877 to 1889 inclusive. He does not give 
the data necessary to compute the horary number, but the 
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same constants as these given on page 410 above mentioned, 
have been adopted, and these will be sufficiently accurate for 
our purpose. The fifth column gives accordingly the computed 
horary number of fireballs, omitting the Perseids. The sixth 
column gives the monthly distribution of 29 of these fireballs 
whose motion he has described either as ‘‘very slow,” or “very, 
very slow.” The seventh column gives their horary number 
computed in the same manner as for the others, except that no 
correction has been made for the Perseids, which are known to 
move rapidly. The duration of visibility of ten of these fire- 
balls was recorded, and extended trom one to sixteen seconds. 
The last column gives the monthly distribution of 253 stony 
meteorites taken from the Catalogue of the British Museum 
for 1896. 


FREQUENCY OF FALLING Stars, FIREBALLS, AND METEORITES. 


Month Hrs. Falling stars Fireballs Slow fireballs Meteorites 
Jan. 58 6.5 11 0.15 3 0.052 15 
Feb. 28 4.9 1 .04 0 .000 18 
Mar. 30 6.6 2 07 1 .033 i OF f 
Apr. 96 6.6 i OF 1 .010 26 
May 58 5.2 et) 1 O17 36 
June 64 4.9 6 .O9 3 .04-7 30 
July 157 11.3 28 .18 4 .025 15 
Aug. 232 11.3 63 .18 3 .013 20 
Sept. 154 10.3 27 ~=«18 3 .019 21 
Oct. 175 11.8 37 ai 5 .029 16 
Nov. 140 11.3 25 18 3 021 19 
Dec. 104 8.9 + BT 2 019 20 


In the figure, the abscissas are taken from the first column 
of thetable. Theuppercurveis plotted with the ordinates on the 
left, and gives the horary number of falling stars. The second 
curve is plotted with the ordinates on the right, and gives the 
horary number of fireballs. The lower curve gives the horary 
number of very slowly moving fireballs, the ordinates being 
those given on the left. The third curve gives the number of 
stony meteorites taken from the catalogue, the ordinates being 
given on the right. 

It will be noticed from the two upper curves that the monthly 
distribution of falling stars and fireballs is very similar. The 
lower curve on the other hand shows that the relative frequency 
of slowly moving fireballs has greatly diminished in the latter 
half of the year, and in this respect resembles the curve giving 
the distribution of the meteorites. The first half of the lower 
curve is unreliable, being founded on only nine observations. 
The iron meteorites of the catalogue are distributed with con- 
siderable unformity, one falling in each of the following months, 
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January, March, April, May, July, August, November. They 
are too few in number, however, to permit us to draw any use- 
tul conclusions as to their monthly distribution. 
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While as we have seen meteorites cannot be the product of 
terrestrial volcanoes, yet as an alternative hypothesis to that 
of Professor Chamberlin, it is suggested that the stony ones 
were all of them formed during the great cataclysm that occur- 
red at the time that the Moon separated from the Earth. 
When the truly enormous pressure on the deep lying terrestrial 
strata was suddenly relieved by the departure of the upper 
layers, which now form our Moon, tremendous explosive energy 
must have been generated. Considerable portions of our atmo- 
sphere must have tollowed the larger flying masses, and the 
atmospheric resistance to the smaller ones, swept along at the’ 
same time, would have been much diminished. Although we can 
probably never definitely know just what occurred at this time, 
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it is quite possible that considerable quantities of the smaller 
masses were carried along by the blast of escaping gases, and 
were projected to such distances as to entirely free themselves 
from the attraction of our planet. This implies a solid crust for 
the Earth at the date of birth of the Moon, which previous in- 
vestigations of the place of origin of that body seem to justifiy. 

In order to fix our minds, let us assume that at the time of 
the removal of this matter from the Earth’s surface, one tenth 
of one per cent of it was projected with a more or less parabolic 
velocity into space. If concentrated into one piece, this would 
have formed a sphere of the density of the Moon, and 200 miles 
in diameter. Let us suppose, however, that instead of forming 
only one piece it was really concentrated into a great number of 
little moonlets, to adopt a term suggested by Professor G. K. 
Gilbert, varying from a few miles in diameter downwards. 

Those moonlets whose velocities were only elliptic, and whose 
courses at the start were so perturbed that they did not at 
once return to the Earth, would continue to revolve about the 
center of gravity of the Earth and Moon, which in those davs 
were close together. Generally they would move in very eccen- 
tric orbits. Those moonlets whose velocities were hyperbolic 
would free themselves from our planet, but still could not escape 
the Sun, and would therefore revolve about it in orbits coincid- 
ing more or less closely with that of the Earth. 

Since all the moonlets that we are now considering were mov- 
ing with velocities approximately parabolic with regard to the 
Earth, and since they would be constantly meeting both that 
body and the Moon, their orbits would be subject to most 
violent perturbations, constantly shifting them back and forth 
between hyperbolic and elliptic conditions. Moreover, they 
would all of them sooner or later pass near enough to one or 
the other of the two large bodies to be minutely fractured by 
it, in the manner so fully explained by Professor Chamberlin in 
the paper above mentioned. It is suggested that all the stony 
meteorites, and perhaps also some of the metallic ones, were 
formed in this manner. 

In support of this view of their terrestrial origin we have the 
fact that twenty-nine terrestrial elements, including helium, 
have so far been recognized in meteorites, ten of them being 
non-metallic. No new elements have been found. The six 
which occur most frequently in the Earth’s crust, named in the 
order of their abundance, are oxygen, silicon, aluminum, iron, 


calcium, and magnesium. The eight most commonly found in 
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the stony meteorites are these six, besides nickel and sulphur. 

Nearly all the stony meteorites contain some metallic iron, 
and some of them contain large quantities of it. But this is 
also true of some of our basaltic lavas. Indeed, large masses 
of iron have been found in ledges upon the Greenland coast. 
Some of this iron contains over six per cent of nickel, but much 
larger proportions have been discovered in New Zealand, Pied- 
mont, and Oregon, where considerable quantities of the nickel 
iron alloys have been found. According to Farrington, of the 
twenty-one minerals recognized in meteorites, fourteen have been 
found in our volcanic products. 

On the other hand quartz, one of our most common minerals 
has not hitherto been detected in meteorites. It has been 
shown by Sir John Murray, however, that when silicates are 
exposed to the action of carbonic acid for any length of time, 
that the bases are changed to carbonates, and silica is set free. 
These favoring conditions have existed on a large scale in the 
case otf the Earth, but certainly do not exist on meteorites. 
This would accordingly seem to answer this objection. Another 
difficulty which has been raised to the terrestrial origin of me- 
teorites is that over ninety per cent of the stony ones contain 
chondres, and that these latter are never formed under terres- 
trial conditions. They are supposed to be due t6 rapid crys- 
tallization in a suddenly cooled mass, and naturally these 
conditions could never occur within the Earth’s interior. If, 
however, the moulten matter were suddenly expelled by a vio- 
lent explosion into interplanetary space, we have the very con- 
ditions which are supposed to be required for their formation. 

Returning now to orbital considerations, if the dates of fall of 
the 253 stony meteorites recorded in the catalogue of the 
British Museum, were uniformly distributed throughout the 
year, we should find that two meteorites would fall during every 
three days. In point of fact the distribution is not at all uni- 
form, and we find certain dates when such falls seem to he 
extremely prevalent. This is illustrated in the accompanying 
table where the first column gives the day of the month, and 
the other columns the number of meteors that fell on each day 
of each of the twelve months. An examination of the table will 
show that during the three days from May 20 to 22 inclusive, 
seven meteorites were seen to fall. Six meteorites are found in 
each of the three day periods from April 5 to 7, May 8 to 10 and 
12 to 14, June 2 to 4, 12 to 14,and 16 to 18, and Oct. 12 
to 14. 
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DISTRIBUTION OF STONY METEORITES THROUGHOUT THE YEAR. 


Day Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 





1 2 t 1 1 1 1 
2 1 N 2 1 1 
3 : «© 1 1 1 1 1 
4 1 3 1 1 2 i 
5 2 1 2 2 2 2 1 
6 1 2 1 1 1 
7 2 1 2 2 1 1 
s 3 1 1 1 
9 1 1 3 1 1 2 1 

10 3 2 1 1 1 1 

11 2 2 1 2 1 1 

12 1 2 1 1 3 1 1 1 1 

13 1 1 2 2 2 4 ; 

14 1 3 1 2 2 1 1 1 

15 1 2 1 2 1 1 

16 1 3 1 2 1 1 

17 1 3 2 1 1 

18 1 1 2 1 

19 $ 1 2 1 2 1 1 2 1 

20 1 3 2 

21 1 1 1 1 

22 1 3 1 1 1 2 

23 2 1 1 1 1 

24 1 2 2 1 1 

25 1 2 l 2 1 1 

26 1 3 1 1 1 1 

27 1 2 1 2 3 

28 1 1 2 1 3 

29 1 1 1 2 

30 1 1 1 2 

31 2 1 1 1 





Total, 15 18 17 26 36 30 


15 20 21 16 19 20 





Of the four meteoric swarms definitely known to be re- 
lated to comets, the Andromedids, owing to the rapid 
shifting of their node, change their date of appearance so rap- 
idly, that they cannot be considered to advantage in this con- 
nection. But if the stony meteorites were really associated with 
comets, we should expect to find that a slight excess of them 
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would fall at about the dates of the other showers. The Lyrids 
appear April 20. On the three days from April 19 to 21, we 
find but one stony meteorite recorded, or less even than the 
average. The Perserds reach a maximum August 10. On the 
three days from August 9 to 11, three stony meteorites fell, or a 
little better than the average. On the preceding fifteen days, 
however, when Perseids are unusually abundant, only seven 
stony meteorites fell. The Leonids reach a maximum on No- 
vember 14. On three days from November 13 to 15 not a single 
stony meteorite is recorded. 

Another reason for dissociating the meteorites from comets is 
that the fireballs from which they are seen to originate, seem, 
as compared to falling stars, to move through the air slowly, 
and to be very long enduring in their flight. And this is true 
in spite of their comparative proximity to the Earth. If they ar- 
rived with the speed offalling stars, we should at leastexpect them 
to begin their visible flight at high speed. Such however is 
certainly not the case, no great change in speed throughout 
their course, being noticeable. This slow speed implies a small 
aphelion distance, not far outside of the Earth’s orbit. Such 
an orbit would be unlike that of any known comet. 

Again, the iron Andromedid above mentioned, which fell in 
1885, arrived hot, as a “ball of fire.”’ So did the other iron 
meteorites of 1835 and 1876, the former carbonizing the vegeta- 
tion where it fell, and the latter an hour after its fall being 
still hot. While perhaps all the stony meteorites are self-lumin- 
ous, and therefore intensely heated in the upper layers of our 
atmosphere, yet their luminosity generally if not always ceases 
before they reach the ground, where they often arrive at a 
comparatively low temperature, even when unfractured and of 
considerable size. In some cases, they have been handled with- 
in a few minutes after their fall. In one case, that of the Shel- 
burne meteorite of 1904, it is recorded that the vegetation on 
which the stone fell was left green and uncharred. The stone 
itself weighed thirteen pounds. In several cases, the velocity 
with which the stone struck has been computed. It has ranged 
in general from 400 to 600 feet per second. The Hassle stones 
fell on thin ice, from which they rebounded without even fract- 
uring the ice. 

It, therefore, appears that the iron and stony meteorites dif- 
fer from one another in other ways besides their composition. 
That some of the former are associated with falling stars, and 
therefore with comets, certainly seems plausible. That the lat- 
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ter are not associated with them seems probable, and if so, 
whence can they have come if not from our own Earth? 
Harvard College Observatory, 
Cambridge, Massachusetts. 





THE SULAR ECLIPSE OF JUNE 17,1909 AS VISIBLE 
IN THE UNITED STATES. 





WILLIAM F, RIGGE 


For PoruULAR ASTRONOMY. 


The central solar eclipse of June 17, 1909 will be visible as a 
partial eclipse almost everywhere in the United States. The 
accompanying map will give the circumstances. 

The curves showing the beginning, middle and end of the 
eclipse at sunset, as well as its southern limit, are sufficiently 
intelligible without explanation. The ovals marked 0, 1, 2, 3, 
4, 5, 6, show the tenths of the Sun’s diameter eclipsed at the 
moment of sunset, with this difference that to the east of the 
line indicating the middle of the eclipse at sunset, the eclipse 
will be still increasing at the time, while to the west it will be 
decreasing. The curves parallel to the limit line and tangent 
to the ovals, show the tenths of the Sun’s diameter eclipsed at 
the middle of the eclipse, while the remaining ones show the 
beginning and end of the eclipse at intervals of ten minutes, 
the time used being central time. The point marked L. C. in 
Missouri shows the place of Last Contact, which is the 
very last place on Earth to see this eclipse end. This will 
occur at 7°37". The broken lines marked 6, 7, 8, %, 10 give 
the central times of sunset. And finally Figure 2 shows the 
appearance of the Sun as various tenths of its diameter are 
obscured. 

Creighton University, Observatory, 
Omaha, Nebraska. 
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A GRAPHICAL METHOD OF FINDING THE AP- 
PARENT ORBIT OF A DOUBLE 
STAR. 


WILLIS L. BARNES. 


FoR POPULAR ASTROMNOY. 


The construction and solution of double star orbits is not 
only one of the most fascinating branches of stellar astronomy, 
but is really contributing a very worthy and important part in 
the investigation of binary systems in throwing additional light 
upon their origin and nature. Moreover, it is well within the 
range of the unprofessional student with neither observatory 
nor astronomical accessories, requiring only patience and con- 
scientious work. 

Before it is possible to compute the elements of an orbit, it is 
necessary that an ellipse be drawn from the actual observations 
representing the apparent orbit. An illustration of a method 
in untechnical terms is the object of this article. 


Requisites : 


For this purpose seven vertical columns for a table are ruled 

and headed respectively T, 6, r, At, A6, ad and , |49 * The 
A6é Wat 

first three columns are filled out directly from the observations, 

and trom the two headed 6 and r the observations are laid 

down on drawing-paper with protractor and rule on a scale 

large enough for sufficient accuracy. 

From this diagram a trial ellipse is readily drawn with pencil 
lightly in the usual manner representing the observed distances 
fairly well. But for the purpose of a guide to the construction 
of the final ellipse with eccentricity and position conforming to 
the law of equal areas the remaining columns of the table must 
be completed, the last of which gives the radius vector for each 
consecutive observation in rigorous conformity to Kepler’s sec- 
ond law. Having outlined the requirements, it is now proposed 
to illustrate the method in detail by the solution of a practical 
example, and for the purpose the well-known double star 
€ Scorpii is selected. 
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— Scorpii 


- At At , 
7 6 r At Aé Ad \ rv K 1.43 
° ” v 

1825.47 355.3 1.15 

1830.82 4.0 1.31 5.35 8.7 .61 1.19 
1835.08 9.2 1.23 4.26 §.2 .82 1.29 
1841.91 19.8 1.14 6.83 10.6 64 1.14 
1847.89 29.4 1.25 5.98 9.6 .62 1.13 
1852.24 38.8 .83 4.35 9.4 46 97 
1855.44 51.6 .+6 3.20 12.8 25 a 
1856.45 64.7 .48 1.01 13.1 10 44 
1857.68 81.4 .50 1.23 16.7 O07 .38 
1858.17 98.1 35 49 16.7 03 .25 
1862.56 317.9 = 4.39 219.8 02 .20 
1863.44 322.1 _ .88 4.2 21 65 
1864.48 329.3 .21 1.04 ; & 15 56 
1866.15 3338.7 .62 1.67 9.4 yg .60 
1869.58 349.1 .89 3.43 10.4 32 81 
1873.15 3657.5 1.08 3.57 8.4 42 .93 
1877.43 5.0 1.22 4,28 7.5 57 1.08 
1882.54 11.8 1.25 5.11 6.8 75 Loa 


The Table*. In that part of the table taken directly from the 
observations, the first column T represents the time of observa- 
tion, the second column 6, the position angle, and the third col- 
umn ris the measured distance. The first observation in this 
~ase being T, 1825.47, 6355°.3, and r1’’.15. The fourth col- 
umn represents the time intervening between the observations 
taken from column one; as 1830.82 — 1825.47 = 5.35. 

The fifth column represents the angular distance passed over 
in the interval between observations taken from column two, 
as 4° — 355°. = 8°.7. 

The sixth column represents the observed rate of angular mo- 
tion, found by dividing (the values of) column tour by column 
five, as 5.38 + 8.7 = .675. 

An inspection of the diagram shows an approximate period 
of 45.4 years, and the major and minor axes as measured by 
the scale respectively 1’’.4 and 0”.75. 

The diameter of a circle equivalent in area to the ellipse is the 
square root of the product of the major and minor axes, = 
V1.4 X .75 = 1.02, andits radius = .51. A common factor by 
which to multiply the square root of the values in the sixth col- 
umn is found by taking the product of the radius of the 
equivalent circle multiplied by the square root of 360 divided 
by the period, as .51 X | 360 = 1.438. 

. N45.4 

The seventh column is the product of the square root of the 





* In a portion of the table the observations are grouped and a mean taken. 
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sixth column multiplied by this factor, 1/675 & 1.43 = 1.19. 

From the values in the seventh column as radii draw the 
short ares connecting the position angles of the consecutive ob- 
servations indicated by the broken radial lines* as A, B, etc. 
These arcs will enclose an area equal to that of the ellipse and 
their positions show at a glance both the direction and amount 
of shift in position and eccentricity necessary. And as observed 
distances, position-angles and the element of time are each 
factors of equal importance, it is apparent that this process, 
bringing all available data directly before the eye, renders it 
possible to establish a fine balance between the factors and 
obviating the necessity of repeated attempts which are other- 
wise unavoidable. 

Charlestown, Indiana. 





| 
A YEAR AMONG AMERICAN ASTRONOMERS.,; II 





H. C. PLUMMER. 





The eclipse party left Mount Hamilton towards the end of 
November: as to their adventures and achievements, are they 
not written in the Publications of the Astro. Soc. of the Pacific 
(vol. xx. p. 63)? Meanwhile a much reduced staff was left be- 
hind to carry on the work of the observatory. As the weather 
had been almost continuously fine up to this point, it seemed as 
if we should have more than enough to do. But the fame of 
the climate on Mount Hamilton rests on its record in the sum- 
mer months. In the winter, which seems to fall rather late as 
compared with English conditions, the weather is by no means 
specially good, and for days together we were covered by fog. 
The year before snow had fallen to a depth of four feet, so that 
the stage had been unable to reach the summit fora fortnight. 
Last year we had no experience of this sort. The little snow we 
had did not extend tar down the mountain side. The Californ- 
ians come up to see it asa curiosity, and one has heard of a 
native, proud of the mildness of the Californian climate, ex- 
claiming to the visitor who looked up and saw the mountains 
tipped with white, ‘Snow! that’s the prune-trees in blossom.” 





* In practice the radial lines may be extended in pencil lightly, in each direc- 
tion from the observed position of the companion star serving as a guide and 
limit to the arcs, and may be erased when the final orbit is drawn. 

+ The Observatory, March, 1909. 
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On the other hand, between the middle of June and the end of 
September no rain falls and the sky remains almost monoton- 
ously cloudless all the time. Naturally, the winter part of a 
continuous working program tends to fall behind the sum- 
mer part. One point may be mentioned which has a very im- 
portant bearing on the working of a temperature control in 
spectrographic observations or the efficiency of a large mirror 
in photographic work. The temperature between sunset and 
sunrise rarely varies by more than 2° C.; generally the varia- 
tion is even less. The constancy in the temperature throughout 
the night is quite remarkable and, of course, very convenient. 

By the beginning of November I was taking a regular part in 
the work which is being carried on with the Mills spectrograph 
attached to the 36-inch. The program was started by Dr. 
Campbell in 1896 and has been continued systematically till 
the present time. The brighter stars of the types which allow 
of accurate measurement have all been observed several times, 
and the stars now under observation are mostly of magnitudes 
5.0—6.0. As these require about two hours’ exposure, the prac- 
tical limit for work of this class with a three-prism instrument 
will soon be reached. Then will follow a very thorough discus- 
sion, after which we may expect the publication of the whole 
work. We shall then possess by far the most considerable and 
the most accurate contribution to the subject of line-of-sight 
motions. Other work remains for spectrographs of high disper- 
sion in determining the orbits of spectrographic binaries. The 
orbits must be investigated from time to time, and not at one 
epoch only, in order to see whether the elements remain con- 
stant or are subject to perturbations due either to tidal action 
or to the pressure of third bodies. Then it has been tound that 
short-period variables are probably always binary, and it is of 
the utmost importance that they should be studied in this way. 
Unfortunately they are nearly all too faint to follow with high 
dispersion (except 6 Cephei, which is now being re-discussed by 
Dr. J. H. Moore), and a one-prism instrument gives results of 
very inferior accuracy. All this work is being carried on at the 
Lick Observatory as opportunity offers, as well as the deter- 
mination of the radial velocities of the early type stars which 
require low dispersion, since their spectra with the Mills instru- 
ment are unmeasurable. 

By the year 1898, Dr. Cam dbell had introduced improvements 
in the optical parts of his apparatus which proved necessary for 
its satisfactory performance. But three or four years later the 
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Mills spectrograph was remodelled and no complete account of 
the changes then introduced has been published. Of these the 
chief consisted in a shift of the center of the spectrum from Hy 
to A 4500, the substitution of titanium for an iron comparison, 
and a return to Sir W. Huggins’ method of guiding by means 
of the image reflected from polished slit-jaws. Mr. W.H. Wright’s 
extremely convenient device for putting in the comparison 
spectrum was also introduced. 

To one whose only experience has been gained with small in- 
struments, the great telescope is a most impressive sight. It is 
not so much the aperture of the lens, for great as that is the 
proportions of the instrument tend rather to conceal its effect 
on the visitor, as the length of the tube (58 teet) and the size of 
the dome (75 feet in diameter). Such dimensions are apt to in- 
spire an almost paralyzing respect in an inexperienced observer, 
especially when the management of telescope, rising floor, and 
dome are only subservient to the manipulation of a spectro- 
graph,from which, however well designed and arranged, a cer- 
tain degree of complexity is inseparable. But familiarity, if in 
this case it is far from breeding contempt, soon provides an 
antidote to the first natural timidity, and when once the real 
simplicity of its working is realized, the magnificent instrument 
inspires a feeling of confidence and affectionate veneration which 
will be found in all who have worked with it. 

Changes from the spectrograph to the micrometer for visual 
work or vice versa are generally made at least four times a 
week, and the process has been so well thought out that only 
a few minutes are required for the transformation. Yet it must 
not be supposed that the operation makes no demand on the 
muscular development, and I must confess with some mortifica- 
tion that my own strength never proved equal to the task of 
screwing into position the heavy tailpiece into which the microm- 
eter fits. The readjustment of the counterpoise weights must 
be made with great care, and the disastrous consequences 
which might easily follow a mistake in this respect induce at 
first sight a rather uncomfortable feeling of responsibility. The 
fear of earthquakes is a real and constant one, and for this rea- 
son the telescope is always left unclamped and above the highest 
point which the floor can reach. I cannot say that I ever ex- 
perienced an earthquake, nor—to mention another recognized 
danger of a different order—did I ever come across a live rattle- 
snake, though several are killed every year on the mountain. 
The extreme dryness of the summer months makes the risk of 
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fire a serious one, and if an outbreak occurred it would be prac- 
tically impossible to cope with it. A brush fire on the mountain 
has before now caused the gravest anxiety. In erder to provide 
a place of safety for the collection of plates and documents of 
value, and to give additional dark rooms which were urgently 
needed, since none had been included in the original plans of the 
observatory (in itself a strange commentary on twenty years’ 
progress!), the first part of a reinforced concrete building was 
erected last winter. It cannot be said toadd to the architectural 
attractions of the place, but no pains have been spared to render 
it absolutely fire- and earthquake-proof. 

Among the great improvements of the last two years, the 
installation of a complete electric plant ought to be mentioned. 
The electric light is now available everywhere and at all times. 
The application of electric power is general and is still being 
extended from time to time, to the supersession of the water 
power, which was formerly the chief source of energy. In the 
big dome a motor was first introduced to wind the clock: it is 
started automatically by the descending weight, so that between 
the beginning and end of a night’s work there is no need to 
give a thought to the clock. Then last winter the same form of 
power was applied to turn the dome: before this was done the 
waterpower was so inadequate that the dome (which weighs, 
I believe, about 100 tons) turned with painful slowness, and 
not infrequently refused to move altogether in some positions. 
It will probably not be very long before a motor is employed to 
work the floor: the present arrangement has done useful work 
for twenty years, but the floor moves slowly at all times and 
sometimes not at all, and hydraulic power must sooner or later 
be replaced by electric. It may be noted that the former agent 
would not be feasible at ail in a locality where, asin the Middle 
West for example, a severe winter prevails. 

All such conveniences reduce the natural difficulty of manipu- 
lating apparatus on a large scale so greatly that the observer 
is spared trouble and discomfort in a very large measure. It 
| must never be forgotten that the comfort of the observer is 
much more than a matter of superficial importance, and that, 
human nature being what it is, it will nearly always have a 
sensible effect on the quality and amount of work done. Very 
different are the conditions in work of an expeditionary charac- 
ter, as, for instance, in the expedition to Santiago in Chile, 
which was made possible by the generosity of Mr. D. O. Mills. 
Mr. Wright’s achievement in establishing the observatory al- 





292 Penrose’s Method for finding Orbits 


most single-handed under adverse circumstances in the way of 
labor and so on, mounting the large mirror, and carrying 
through a considerable program in a class of work which 
makes greater demands on the manipulative skill of the 
astronomer than any other, was of no mean order. It is sat- 
isfactory to know that we shall not have long to wait for the 
publication of his results. 

The 36-inch is never idle when the night is clear and the see- 
ing is reasonably good. It is the practice for the observers with 
the spectrograph to divide the night, one working from sunset 
to 12:30 and another from 12:30 till sunrise. The visual ob- 
servers have always preferred to work the whole night through, 
and Dr. Aitken continues the practice. His plan of examining 
all the stars to the 9th magnitude is carried out systematically, 
and will probably be finished for that part of the sky which is 
within reach in about two years’ time. The results are publish- 
ed in regular instalments, and already Dr. Aitken can claim to 
have discovered more double stars than any other living observer. 

( Concluded.) 





A SIMPLE METHOD DEVISED BY F. C. PENROSE FOR 
FINDING THE ORBIT OF A HEAVENLY 
BODY BY A GRAPHICAL 
PROCESS. IV 





ERIC DOOLITTLE. 


FoR POPULAR ASTRONOMY. 

15.—The work of the preceding article shows that if we employ 
several observations which include so long an interval of time 
that a considerable arc of the orbit has been described, we can 
obtain the elements quite accurately by the graphical method. 
If, however, we employ but three observations, (which is the 
least number from which theoretically an orbit can be deter- 
mined), the result is more uncertain; in this case the first trial 
position of the projected arc may be very far from its final posi- 
tion, and yet by successive approximations we can ultimately 
bring the projected orbit into the one position which satisfies 
the observations. The process is much shorter in the determina. 
tion of the orbits of asteroids because in this case we know 
that the projected arc must be quite approximately circular 
with the Sun near its center. If, as frequently happens, two of 
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the longitude lines diverge while the other two converge, the 
first location is also quite exact with any orbit. This case is 
illustrated by the orbit of the following article. In this article 
we will consider the most difficult orbit which we have met 
with when the solution is based on three measures only. We 
will reduce our times to Berlin Mean Time and take the posi- 
tions of the Earth from the Berliner Jahrbuch in order to illus- 
trate the use of this ephemeris. 
DETERMINATION OF THE ORBIT OF COMET 1903 I, (GIACOBINI). 
As the basis of our determinatiecn we employ the following 
three measures made at the Royal Observatory, Cape of Good 
Hope, and published in the Astronomische Nachrichten, No. 
3906. 


Red. to Ap. Pl 


Greenwich Mean Time Apparent a Apparent 46 
Ina In 6 
ae . h pb 
1903, April 6, 15 15 50 O 12 20.86 —26 17 14.7! —0.58 + 2.0 
1G, 16 15 17 0 5 38809 | —47 O 43.5) —1.21 + 8.0 
26, 15 10 48 0 Vv 2.27|—61 42 50.8) —2.02 +15.8 





From the Berliner Jahrbuch for 1903, page 375, we find, longi- 
tude of Greenwich = 0" 53™ 345.91; and from page 1, obliquity 
of ecliptic = 23° 27’ 7”. Changing the given times into Berlin 
Mean Time and into decimals of a day, subtracting the numbers 
of columns four and five from those of two and three, respective- 
ly, and finally changing the resulting a’s and @’s into A’s and f’s, 
as was fully explained in (14), we obtain, 


No. Berlin Mean Time X B 

1 April 6.671 351° 36’ 40” —25° 11’ 58” 
2 16.670 337 58 17 412 40 15 
3 26.666 323 36 51 —53 56 49 


From page 7, we next find the following positions of the 
Earth for these dates : 


No. L R 
1 196 8’ 20 1.001 
z= 205 56 23 1.004. 
3 215 41 19 1.007 


Drawing SV, Figure 12, to represent the direction of the 
vernal equinox, we obtain from these values the positions of the 
Earthat &,, Eo, Es, and the longitude lines E\Li, E»Le, and E3Ls, as 
described in the preceding article. The three values of cot B are 
—2.126, —1.085, and —0.728; accordingly the latitude points 
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indicated in the figure willl be separated on our scale by the 
constant distances 21.26, 10.85, and 7.28 respectively. 
We next find the time intervals and the ratio of the areas: 


to — th — 9.999 
ts — te — 9.996 
(te — th) + (t, — te) = 1.0008, 


so that the areas are to be made equal throughout the con- 
struction. It is because the angles between each pair of longi- 
tude lines are also almost exactly equal, (each being about 34 
degrees), that the location is at first difficult. We shall see, 
however, that even in this case successive trials will finally result 
in fixing very accurately the position of the projected are. 

In the first place, let us suppose that the projected orbit is a 
straight line, so that the inclination is 90 degrees. A position, 
Sa, is readily found for which the intercepts between the longi- 
tude lines are equal; the latitude numbers of the intersections 
will be roughly 46, 90, and 140. Since the line Sa is itself the 
line of nodes, the adjustment of (11) is necessarily satisfied 
whether this is the true projection or not. But if we construct 
the real orbit, by erecting perpendiculars at m’, m”, and m’”’ 
equal to the respective latitude numbers of these points, we will 
obtain a very narrow parabola in which the second area is 
very much too large compared with the first one. (The curve 
xv shows this orbit drawn ona reduced scale). 

Any displacement of Sa toward the right increases the dis- 
crepancy; by a slight displacement toward the left, however, we 
find a position for which the true orbit, xy, is a straight line 
passing through the center of the Sun. This occurs when the 
difference between the first and second latitude numbers is ap- 
proximately the same as that between the second and third, 
but this solution can be excluded.* And by moving Sa still 
further toward the left, itis readily seen that no position can 
be found for which the orbit is a parabola and the law of areas 
is approximately satisfied. We therefore conclude that the in- 
clination of the orbit in this case cannot be 90 degrees. 

We can next assure ourselves by a very brief trial that the 
projected orbit cannot be concave toward the left, as at rs, tor 





A more exact statement is, ‘‘When the first difference divided by m’m” in 
the new position equals the second divided by m'’m’”’ The student of analytic 
mechanics will recognize that we then have a case of oscillatory, rectilinear 
motion, the linear velocity diminishing as we recede from the center of force. 
The orbit here obtained is very far from satisfying the condition which arises 


from the equation for the velocity, and hence must be rejected. 











296 Penrose’s Method for finding Orbits 





in no position of rs can the second area be made so large as the 
first one without introducing a decided break in the curvature 
at the second longitude line. It therefore follows that our pro- 
jected orbit must be concave toward the right. 

If we now lay our scale across the longitude lines, bending it 
so that it is more or less concave, both toward the right and 
toward S, we soon find that it must be moved continually 
further to the left of Sa in order that the first intercept shall 
not exceed the second; the first position for which these inter- 
cents can be made equal is found slightly to the right of the 
position a; b,c). If we draw the arc in this position and meas- 
ure the areas, we will find that a: greatly exceeds a; and that to 
make these equal, b; and ci must be displaced to hy and cg, re- 
spectively. The resulting arc, a: bec, which exactly satisfies 
the law of areas, is nearly a straight line; a similar are could 
not be drawn further to the right than this without becoming 
convex toward the Sun. Ina similar manner, any number 
of arcs AiCi, ascs, ascs, etc., may be drawn hetween aocy and E\ és; 
which exactly satisfy the law of areas. It remains to find 
which one of all these arcs is the true one. 

Suppose that we start with the are ace and determine Q and 
i from this location as explained in (10). From the chord aeby 
this line is found to have the position S/, and from the chord 
bec, the position SI’, the great disagreement indicating clearly 
that the arc is far from being in its true position. We might 
now draw SQ halfway between these two lines and apply the 
adjustment of (11), but a shorter way is to let fall the perpen- 
diculars from a», be, and c to the line of nodes, multiply their 
lengths by cot 1, and compare the heights thus obtained with 
the known latitude numbers. In this way we find that the in- 
tersection c is far below the orbit plane; as this point cannot 
be moved much further to the left without rendering the orbit 
convex toward the Sun, it is evident that the whole are must 
be moved, a process which, while it diminishes the latitude 
numbers of the first two points, diminishes that of the third 
much more rapidly and thus tends to correct the discrepancy. 

By trying a few positions, we find that the two node lines, 
Sl and SI’, come closer together as we move to the left; if we 
pass the true position and test, for example, ascs or asc; we tind 
that they again separate. Having found a position, Ai BiCi, 
for which they nearly coincide we may proceed to the adjust- 
ment of (11). 

We find 18.60, 32.82, and 45.55 as the latitude numbers; the 
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line of nodes from AiB; is Sn and that from BiC; is Sn’. From 
a preliminary position of RSQ midway between these lines we 
find that the adjustment of (11) displaces Ai to Ay and Ci to C2 
but leaves B; unaltered. When the line of nodes is obtained 
from the points A», Bi, and C2 we find that the positions from 
the two chords agree exactly, giving QSR for the position of this 
line. By measurement we now find, tan RSH = 0.037; hence 
G@=- Ta =F 7. 

Dividing the new latitude numbers by the perpendicular dis- 
tances from the respective points to QR, we obtain tan i, from 
which the following three values of 7 result : 

30° 45’ 

30 46 

30 48. 
This is practically an exact agreement; the average of the three 
values gives 7 = 30° 46’. 

Adopting a scale 3/10 of that used heretotore, we now ob- 
tain the points a’, b’ and c’, of the true orbit, and from these 
the directrix, DD’, and axis, SD’, exactly as described in the pre- 
ceding article. We find by measurement; SP = g = 0.448, and 
NSP = o = 138° 27’. Finally, by comparing the sector SPa’ 
with each of the other two sectors we find that the time of 
Perihelion Passage, T, = 1903 March 21.9338. 

We have thus found an orbit which within the limits of the 
unavoidable errors in drawing satisfies exactly the observations 
and also the law of areas. We may be sure that the projected 
orbit carnot be displaced appreciably from the position AoC: and 
that we have therefore found the only true solution. 

Reviewing the work, we see that the difficulty arises wholly 
because at the beginning we can only be sure that the projected 
arc, lies somewhere between E\E; and asc. Probably the shortest 
method of finding itsexact position, and one which requires nocom- 
putation whatever, is tomerely determine the position of the line 
of nodes from each chord tor successive positions of the are. Any 
displacement which causes the two lines, S/ and S/, to approach 
one another is a displacement in the right direction; when these 
again diverge the displacement has been too great. Finally, 
when a position has been found for which they nearly coincide, 
the adjustment of (11) is to be applied. 

Had we employed a fourth observation whose date differed 
considerably from t; or ts, the uncertainty in the position of the 
first trial orbit would have been at once removed, but it was the 
object of the present article to show that the orbit can be ac- 
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curately determined by the graphical method even from only 
three observations. 

Writing now our results, and also those of what is probably 
the best orbit obtained by computation, we find that the two 
series compare as follows : 


Graphical Method. Computation. 
z 1903 Mar. 21.933 1903 Mar. 16.1413 
w 138° 27’ 133° 40’ 36.6 
vv 2 7 2 17 25 .2 
i 30 46 30 58 54 .2 
q 0.448 0.410889 


DETERMINATION OF THE ORBIT OF EURYNOME 79. 
16.—To illustrate the determination of the orbit of an asteroid, 
we select the following four positions of Eurvnome trom Wat- 
son’s Theoretical Astronomy, page 294: 


Greenwich Mean Time a ri) 
1863 Sept. 20.0 14° 30’ 35”.6 + 9° 23’ 497.7 
Dec. | 9.0 9 54 17 .0 2 53 41 8 
1864 Feb. 2.0 28 41 34 .1 9 6 2.8 
April 30.0 74 29 58 .9 r19 35 43 .6 


The value of the obliquity of the ecliptic for 1864.0, taken from the 
American Ephemeris, is e = 23° 27’ 24’, with which we obtain 
the longitudes and latitudes corresponding to the four positions 
as follows : 


No. r B 

16° 69’ 9” +2° 56’ 44” 
2 10 14 18 —1 15 49 
3 29 53 22 2 29 58 
4 16 23 47 —3 4 45 


The longitudes of the Earth and its distances from the Sun 
have the following values : 


No. i, R 

1 357 0’ 59” 1.004 
2 76 58 36 0.985 
3 132 57 60 0.986 
4 220 21 26 1.008 


Drawing SV, Figure 13 to represent the direction of the 
vernal equinox, we obtain the points A, F:, Es, and E; for the 
successive positions of the Earth, and from these we draw the 
longitude lines E\Li, E:,L2, ete., as has been fully described. As 
the latitudes are very small, we graduate these lines by marking 
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the points whose distances above or below the ecliptic are 
1/100th., 2/100ths, etc., of the astronomical unit. We thus 
have for the respective distances between the latitude numbers 

cot 8B, +1942, —46.54, —22.91, and —18.61. The first 
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FIGURE 13. 


sight line lies wholly above the plane of the ecliptic and the 
others below it. 

The time intervals, (noticing that 1864 is a leap year), have 
the values, 
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te — ti = 80.0 days. 
t; — te = 55.0 
t; — ts = 88.0, 


from which we find, 
(te — ti) + (ts — te) = 1.455 
(ty — ts) + (ts — t,) = 1.600 
(ts — ts) + (tz — t) = 1.100 

We now bend our scale approximately into the are of a circle 
about Sand moveit outward or inward until a position is found 
at which the ratios of the intercepted ares are equal respectively 
to those of the time intervals. The direction of the longitude 
lines in this case is such that the approximate position is found 
almost instantly and with unusual precision. Since Eli and 
E,L, converge, while F,l. and E;L; diverge, any outward dis- 
placement will diminish 2), and increase ay; hence a brief first 
trial shows that the first three points must be almost exactly in 
the positions A;, Bi, and Ci. Continuing the are at nearly the 
same curvature until it intersects Fils, we locate D; so that the 
ratio Cl, + BiCi = 1.600 is satisfied. 

Joining A;, Bi, etc., with S, drawing AiHK perpendicular to 
BiS and CiKk parallel to BiS we find, a; + a, = AiH + HK = 
10.29 + 7.07 = 1.454, which appears to satisfy exactly the law 
of areas. Similarly, drawing Bik’ perpendicular to CiS and 
DK’ parallel to CiS, a3 = a2 =: H’K’ ~ BiH’ = 11.10 ~ 7.06 - 
1.573. As this ratio should be 1.600, it follows that H’K’ is 
slightly too short; its length should be 1.600 X 7.06 = 11.30, 
hence laying off H’K’ = 11.30 and drawing K’’D, parallel to 
CiS, we obtain at its intersection with the longitude line the 
point D:, for which the law of areas is satisfied. 

By the construction of (10) we find the following latitude 
numbers for Ai, Bi, Ci, and D,, the minus signs signifying that 
the corresponding points lie below the plane of the ecliptic : 
+5.456, —2.908, —8.516, and —15.383. Joining Ai Bi, erecting 
the perpendiculars Ai) +5.456 and Bia = —2.908 on op- 
posite sides of Ai Bi, (since the points lie on opposite sides of the 
ecliptic), and finally joining a and b, we obtain a point, v, on 
the line of nodes, which from this construction hence has the 
position Sr. 

Similarly, drawing B,c = 2.908 and Cb’ = 8.516, we obtain 
from the intersection of b’c and CiBi a determination Sr’, and 
finally from the points b” and d we obtain the position Sr’. 

The line QSR is drawn in an average position among the three 
determinations, but somewhat nearer to Sr than to Sr’ since the 
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position of this last line is the least accurate of the three,”it 
having been derived from the shortest chord. Evidently R is 
the descending node; by measurement we obtain, VSQ = Q= 
207° 34’. 

To determine tan i, we divide the latitude number of each 
point by its perpendicular distance from QR. The results are as 
follows : 


Lat. No. Distance log tan 1 i 
5.456 70.0 8.8918 4° 27 
2.908 34.9 8.9208 + 46 
8.516 102.8 8.9182 4 44 
15.383 189.1 8.9104 4 39 
Forming the mean of these four values we obtain, i = 4° 39’, 


To effect the adjustment described in (11), we draw the per- 
pendiculars kidi, kod», etc., join diEi, d2F2, etc., and at the points 
m, tm, etc., erect perpendiculars meeting the longitude lines in 
A, B, C, and D. We have, kd=kE tan B coti= heoti 
12.30 x h; hence kidi = 98.40, kod2 49.20, ksds 123.00, 
and kids = 184.50. 

This adjustment does not change the position of Bi, but it 
moves Aj, slightly outward and Ci and 2» slightly inward. We 
should expect Bi to be altered least because it was employed in 
all three of our determinations of 2. The new points occupy 
the positions indicated by the arrows A, C, and D. 

To find the true orbit, we adopt a scale three-fifths ot that 
so tar used and draw Sh = ?Sm, Sh i Smo, ete., ha’ 3 mA 
sec 1, 2b’ mB sec i, ete.; a’, b’, ce’, and d’ are then points on 
the true orbit. We find the following values: 


No. An, etc. Sn, et Am, etc., sec 1 
1 70.5 193.0 70.7 

2 35.0 192.5 35.1 

3 102.2 167.5 102.5 

4. 188.0 93.0 188.6 


It remains to determine the ellipse passing through the four 
points as explained in (3). We first draw a circumference 
through a’, b’, and c’, and join the middle point, M, of the are 
a’c’ with S and also with the center of the circle, O. We then 
lay off the angle OMF equal to the angle SMO and measure 
MF 2X MO-- MS 2 X 486.0 — 196.5 289.5. F is then 
the second focus, and having the two foci, F and S, we draw 
the final orbit, LAL’, as described in (3). We next draw the 
major axis, FSA, and thus locate the perihelion at A. By 
measurement we find QSA w ane” &. 
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To find the eccentricity, we mark the middle point, C, of SF, 
and then e = CS~+ CA = 49.0 + 243.0 = 0.2016. The half 
major axis, a, = AC = 243.0 on our scale, = 2.430 X distance 
from Earth to Sun. Finally, by comparing the sector c’SA 
with the other sectors as in the previous cases, we find T = 
1864 Jan. 19.452. 

Our entire series of elements are thereforeas follows. For com- 
parison with them we write the values obtained by Watson from 
computation. The great disagreement in T and o occurs be- 
cause in so nearly circular an orbit the exact location of peri- 
helion is difficult. We have found this point to be at A while 
the accurate computation determines its position at A’. The 
positions of the body in the sky computed from the two sets of 
elements would be in good agreement. 


Graphical Method Computation 

v 207° 34’ 206° 42’ 45.23 

i 4 39 4 36 49 .76 

w 207 8 - OF 3ST Sz .7 

a 2.430 2.444.222 

e 0.202 0.195341 

T 1864 jan. 19.452 1863 Dec. 26.205571 


17. The elements in an elliptic orbit.—The elements obtained 
in the last article were written in exact accordance with the 
definitions of (7), but with an elliptic orbit, especially if this is 
nearly circular, it is customary to slightly modify some of these 
quantities. The elements Q, 7, and a are unaltered, but those 
remaining are changed as follows. 

(a.) Instead of the angle of perihelion, (w), we employ the 
Longitude of Perihelion, (7), the angle being merely the sum 
of the angles » and Q. 

(b.) Instead of the eccentricity, (e), we state the Angle of the 
Eccentricity, (¢), which is determined from the equation, 
sin ¢ = e, 

(c). In place of the time of perihelion passage, (7), there is 
given the so-called Mean Anomaly at the Epoch, (M,). We 
will now explain the meaning of this last quantity. 

If Pis the period of the heavenly body expressed in days, we 
will have from Kepler’s third law, 


P? — (36544)? = a? + 13, 


Since P is the number of days required for the body to pass 
completely around the orbit, (that is to describe an angle of 
360 degrees), the average angular motion of the body in one day 
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will equal 360° + F, and this quantity, which is always ex- 
pressed in seconds of arc, is called the Mean Daily Motion, (,). 
We therefore have the equation, 

1 


» = 360 X 3600” - P = 3548”.23 a“ 





By the Mean Anomaly of the body at any time is simply 
meant the product obtained by multiplying the number of days 
and decimals of a day which have elapsed since the time of peri- 
helion passage by the mean daily motion. If JT, is a date 
chosen for the epoch, and M, is the mean anomaly at this date 
we will have, 


M, = wu(T,— T). 


We will now write the elements of the orbit determined in the 
last article in the form here described, choosing for the epoch 
1864 Jan. 1.0. 

We have, 


r—QO+wo 54° 42’ 
sin ?— 0.2016; 11° 38’ 
w= 3548”.23 + / (2.430)* = 928”.66 
M 938.66 & (Jan. 1.0 —Jan. 19.452) 928”.66 &* (—18.452) 


—4° 47’ = 355° 13’ 


The two entire series will be written as follows. The dis- 
agreement of 1/7, and =z is, of course, caused by the uncertainty 
in the location of perihelion. 


Graphical Method Computation 
M 355° 13’ i- 20° 40” 
T 54 42 14420 33 
7) 207 34 206 42 45 
i 4 39 4 36 50 
¢ 11 38 41 15 52 
a 2.430 2.444222 
u 928’.66 928”.5427 


Epoch 1864, Jan. 1.0, G. M. T. 


The University of Pennsylvania. 


(To be continued.) 
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AN ASTRONOMICAL THEORY OF THE MOLECULE 


AND AN ELECTRONIC THEORY OF MATTER. 


Solar and Terrestrial Physics Viewed in the Light Thereof. 





SEVERINUS J. CORRIGAN. 





For POPULAR ASTRONOMY. 
Part IV. (Continued.) 


THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, DEN- 
SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED'THEREIN BY THE 
SoLaR ELECTRO-MAGNETIC 
RADIATIONS. 


I regard the fact of the agreement between the above detailed 
phenomena of the tornado, (and its congeners, the whirling 
dust-storms and waterspouts) and the experimental demonstra- 
tions of electrodynamics due to Ampére, as a most potent 
argument in favor of my theory as to the electro-magnetic 
nature of the tornado, or rather as to the part that electrical 
and magnetic action play in the development thereof. It should 
be noted that, under my theory, in this connection, electro- 
magnetic action is not a sole factor in this development, the 
principal functions of electricity in this case being the causation 
of the original partial vacuum, just above the lower level of the 
clouds, and, therefore, the incipient vorticose motion of the 
surrounding airin toward this vacuum; the maintenance of a 
partial vacuum in the funnel subsequently formed by this vorti- 
cose motion, and the governing of the direction of rotation of 
the air around the axis of the funnel in the manner that [ have 
described on preceding pages—the electricity so operating being 
generated by the rapid condensation of aqueous vapor due to 
the commingling of masses of warm, moist and relatively light 
air, with cold dry and heavier masses. This, according to my 
theory, is the immediate cause, operating in the generation of 
the electricity in such cases, but these conditions of the atmo- 
spheric air are brought about, more or less directly, by the solar 
radiations, the Sun’s radiative action being, therefore, the ulti- 
mate cause. The other,—and equipotent,—factor in the develop- 
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ment of a tornado is the purely mechanical action resulting 
from the influx of air, from a region where the fluid is heavier 
and the barometric pressure high, comparatively, in toward a 
central point, or area, where said pressure and weiyht are rel- 
atively low, as is the case in the central portions of the funnel 
of a tornado and alsv in smaller measure, in the central portion 
ot the vastly wider area of a true cyclone—or general storm- 
center—which may extend over a diameter of one, or two, thou- 
sand miles, while the diameter of a tornado is, at most, not 
more than a couple of miles. The influx of air in the former 
case is spiral, or vorticose, at an average inclination of fifty 
degrees to the tangent of a circle described around the center of 
low barometric pressure, and the motion is comparatively slow, 
the velocities in this case being, roundly, one mile per hour at 
most for a gentle breeze; five miles per hour for a moderate wind; 
twenty miles for a brisk wind; forty to fifty miles for a gale, or 
tempest, and from ninety to one hundred and twenty for a 
hurricane which last velocity is about the maximum ordinarily 
recorded, because at, or above, a wind velocity of 120 miles 
per hour anemometers, and other exposed meteorological in- 
struments, are generally carried away. 

The centrifugal force due to the velocity of rotation operates, 
also, to form, and maintain fora time, a partial vacuum with- 
in the center of the aerial vortex, by a purely mechanical process 
which has been regarded, probably by most physicists as the 
only one concerned in the formation of a tornado, but there are 
several remarkable, concomitant phenomena thereof, such as its 
formation in connection with peculiar manifestations of electric- 
ity, and in a comparatively quiescent atmosphere, together with 
the specific direction of rotation around the axis of the funnel; 
the checking of this rotation and the consequent uplifting of 
that vortex-tube, and the final dissolution of the tornado, that 
are inexplicable under the hypothesis of purely mechanical ac- 
tion above, whereas all these peculiar phenomena are satis- 
factorily explained under my hypothesis which regards purely 
mechanical action as only one factor—but an important one— 
the other being electrical action as exemplified by the experi- 
mental demonstrations of electrodynamics embodied in Ampére’s 
laws thereof. 

In the case of tornadoes, the linear velocity of the air com- 
posing the funnel, and rotating around the axis thereof, is 
enormously greater than that in the case of ordinary winds 
which move around an area of low barometric pressure or the 
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true cy clone—the latter term having been unfortunitely applied, 
inappropriately, to the whirl of air around the small area of 
low pressure within the funnel of what is properly called a 
“tornado.”’ The velocity in the case of the latter phenomenon 
has been estimated from the kinetic energy that must be exert- 
ed by a tornado in the uplifting of enormous weights, such as 
buildings and other structures, of considerable dimensions, the 
elevation of large portions thereof to great heights, and the 
transportation of these through long distances—in some cases 
fifteen or twenty miles as observed—to be not less than about 
ten times the velocity in the case of a hurricane in which the 
velocity may be as great as 120 miles per hour, as stated ona 
preceding page. But the velocity of rotation in a tornado has 
only been estimated, and, so far as I know, there has not been 
derived any rigorous, and perfectly satisfactory mechanical 
formula based upon well-established principles and laws of 
physics through which this velocity can be calculated, and I 
will now set forth the derivation of an expression, founded upon 
principles of hydromechanics, that meets all requirements. 

A well-known hydrodynamical expression for the velocity (V’) 
in feet per second,—of a fluid, such as air, flowing from a point, 
or area, of higher pressure (p) toward a center of lower pres- 
sure (p’), is 





” . ) | D- 

r= os \ = NUed (1) 
the quantity represented by w being the weight of a cubic-foot 
of atmospheric air at normal pressure and temperature, the 
ralue whereof is 0.0804 pounds avoirdupois, while the second 
radical factor in the right-hand member of this equation is the 
square-root of the hyperbolic logarithm (which is 2.3 times the 
common logarithm) of the ratio of the pressures p and p’, of 
the air. But this expression is for the flow of the fluid in a 
straight line as in the case of water, or gas, flowing from an 
orifice, or jet, under a pressure, or ‘“thead’’, represented by p 
into the outer air at a lower pressure (p’), but in the case of a 
tornado, and of all atmospheric movements in a more, or less, 
circular, or cyclonic, path around a center of lower pressure, 
the centrifugal force, consequent upon this circular motion re- 
strains the atmospheric fluid from moving directly, in a recti- 
linear path, toward said center, and the case becomes one of 
what is calied in Analytical Mechanics ‘‘constrained motion” 
along a curvilinear path; wherefore the right-hand member of 
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equation (1) should be multiplied by z, the nature of the prob- 
lem, and the general form of the equation, being similar to that 
in the case of the simple pendulum in which the force of gravity 
(g) tends to cause the pendulum-bob to fall in a straight line 
to the Earth, this tendency being counteracted by the pendulum- 
rod, the motion being thereby constrained to an are of a curvi- 
linear path, having the ‘taxis of suspension’ as a center, the 
radius being represented by the length of the rod. Since, in the 
special case under consideration, the velocity of flow is that ina 
circular path around a center where the pressure (p’) is below 
the normal atmospheric pressure (p) which is 14.730 pounds 
per square inch, and the mean weight of a cubic foot of air at 
that pressure is 0.0804 pounds avoirdupois, the first factor in 
the right-hand member of equation (1) contains only constant 


— ) ae ; ; 
quantities, whence \ : 13.535, and multiplying this by 
Ww - ’ 
3600 
. 06 ‘ . . 
96 z and, also, by ea 0.6818 to reduce to miles, per hour, 
“ Oee 


there results 2783 as the numerical coefficient of Further- 


Pp 
Nl 
more, since the ratio of the pressures may be replaced by that 
of the corresponding barometric heights, b and h’, the former 
being, in this case, thirty inches, there results, as an expression 
for the velocity (V’), the following equation :— 


= 2783 ( 1 >, ’ (1) 


The velocity determined through this equation is the mean 
value, in miles per hour, for the case of air, or wind, rotating 
around a vertical axis, under a ‘‘head’’ due to a fall of one inch 
of the barometric column, in a distance of one mile toward the 
center of low pressure, one inch, per mile being here taken as 
the unit “‘gradient’’, as it is called. For any other distance 
represented by R, or tor any other number ot inches of baro- 
metric-fall designated by Ul”, the gradient is expressed by G 

” 

R 


of the gradient, we have, for any case, as a general expression, 


and, since the velocity of the wind varies as the square-root 


for the velocity (V) of the wind for any gradient :— 
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In the following Table A are set forth in the first column, cer- 
tain values of the barometric heights (b'), from twenty-nine to 
one inch—both inclusive,—and, in the second column, the num- 


© 


‘ i pe Oe. « , 
erical values of (7; r) » in the third column are the values of 
) 


the fall of the barometer per mile, and, in the fourth, the values 
of the corresponding velocity, in miles per hour; in the fifth 
column are the velocities, in feet per second, while, in the sixth, 
are the respective pressures (P) of the wind blowing at a right- 
angles against each square foot of surface, these having been 
computed by means of fhe formula, P = 0.004-V?, which gives 
the wind-pressure in pounds per square foot, the coefficient of 
V? being sometimes taken as 0.005. 

Table # contains the computed velocities of the wind, in miles, 
per hour, for the barometric heights, in fractions of an inch, des- 
ignated by U in the first horizontal line, in twelve cases, the 
distance (R) for all, being fifteen nautical miles, or 17.3 statute 
miles, which velocities | havecomputed by means of equation (IT), 
the value of V’ being, in this instance, 512 miles per hour, as 
indicated in Table A, for l” = 1, and for this special computa- 
tion we have the following equation derived from (II) :— 

512 » ‘“ 
a ai at (II) 
Just beneath these computed velocities are set forth the corres- 
onding observed ones, which have been derived from the hour- 
ly readings of the Kew anemograph, and the gradients (U) from 
the records of the British Meteorological Office for a period of 
five years. 


TABLE A. 








Wy Pim = | vy ‘~ V’ Wind Pressure _—— 
, b’ Miles per hr.|Feet per sec.; Pound per sq. ft. ia 





29 | 184 1 512 751 1049 WY 


263 | 2 732 1074 2143 11/10 
a7 | 325 3 904 1330 3291 1% 
26 | 378 4 1052 1543 4427 21/5 
25 | 4.27 5 1188 1742 5645 24/5 
20 | 637 | 10 | 1772 2599 12560 63/10 
15 | 833 15 2318 3400 21492 1034 
10 | 1.048 20 2917 4278 34040 17.0 
5 | 1339 25 3726 5465 55530 273 


= 1% 
1 1.844 29 5130 7524 226458 113% 
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TABLE B. 


Rk = 15 Nautical Miles = 17.3 Statute Miles. 


U (Inch) .002/005. | .007| .010) .012) .015) .017) .020) .022) .025) .027| .030 


Computed Vel 5.5) 8.7) 10.3) 12.3) 13.5) 15.1) 16.1) 17.4) 18.3] 19.4) 20.2) 21.3 
(Miles per Hr.) 


Observed Vel. 


(Miles per Hr.)| 2-9} 7.0) 7.5) 9.2) 11.6) 12.6) 15.0) 16.5) 19.1) 22.0) 22.0) 25.5 
a Sj 


c—O +0.5}4-1.7)+2.8|+3.1/4+1.9\+2.5 +1.1|/+0.9 —0.8|—2.6|—1.8|/—4.2 


The differences between the computed wind-velocities and those 
observed as aforesaid, (taken C — QO) set forth in the last line 
of Table B, are comparatively small—the plus differences being 
nearly equal to the minus ones,—so that the agreement between 
the values derived from my equations in this connection, and 
the observed velocities, may be regarded as sufficiently exact, 
particularly if we take into consideration the fact that the 
wind-velocity for the same gradients may differ, otten by as 
much as—and occasionally by more than—the greatest difference in 
Table B, in different seasons of the year, the velocities being 
greater than the average during the season when the tempera- 
ture of the air is in excess of the mean for the vear, and vice- 
versa. The gradients and velocities of the wind, set forth in 
Table B, are those that obtain in the case of ordinary cyclonic 
(using this word in its strictly scientific sense) movements of the 
winds around a center of least barometric pressure, or a ‘‘low,”’ 
as it is termed in meteorology and indicated on the weather- 
maps published by the U. S. Weather Bureau, so that my rigor- 
ously derived formulae, or equations, (1), (II) and (iII), above set 
forth, are applicable to the case of the ordinary cyclonic move- 
ments of the winds, from the case of a gentle breeze, or zephyr, 
blowing at a rate of not more than a mile per hour, up to, and 
including, the movement in a violent hurricane the velocity 
whereof may be as much as 120 miles per hour, or even more, 
as well as to the much greater movement in the case of a torna- 
do which has been regarded as a distinct phenomenon but 
which, so far as the purely méchanical action is concerned, dif- 
fers from a true cyclone only in degree, the gradients in the 
latter being much steeper than in the case of the former phe- 
nomenon, the diameter and the radius (R) being far less in the 
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case of a tornado than in that of a cyclone proper. From equa- 


tion (III) we have V = 123.0"; whence, if the gradient (U) be 
one inch in 17.3 miles, the wind-velocity (V) will be 123 miles 
per hour, which is about the maximum recorded velocity in the 
case of a tropical hurricane; but of the distance (R) which is the 
radius of the rotating mass of air, from the center of least pres- 
sure, be only one mile instead of 17.3, the wind-velocity will be 
increased by the square root of the latter number, becoming 
512 miles per hour, as indicated in Table A for the unit gradi- 
ent of one inch in one mile. 

Now, the radius (R) of the main part of the vortex-tube, or 
funnel, of a tornado of the first class is, very approximately, 
one mile, as found from many actual observations, so that 512 
per hour may be regarded as the least velocity of the wind in the 
funnel whereof the diameter is two miles and the lowest baro- 
metric pressure in the interior thereof corresponds to one inch 
below the height, due to the external pressure. 

It is evident that the atmospheric pressure within the funnel 
of a tornado must be less than the normal external pressure, 
or the general pressure prevailing, at the time, in the surround- 
ing regions, and since air is continuously passing upward 
through the central portion, or ‘‘flue’’, of the funnel, by reason 
of the suction due to the partial vacuum therein, it is very ob- 
vious that there cannot be a perfect vacuum within the flue, or 
even a very close approximation thereto, in other words, the 
height of the barometric column must be less than thirty inches 
of mercury, and it cannot be reduced to zero, so that, under my 
hypothesis in this connection, the arithmetical mean between 
the normal height of thirty inches and zero, or fifteen inches, is 
the minimum in all cases, and the maximum value of the fall of 
the barometer (U”) is fifteen inches per mile, this being the maxi- 
mum possible gradient, the corresponding maximum wind- 
velocity (V’) for which is 2320 miles per hour as determined by 
my equation (II), and set forth in Table A on preceding page. 

The minimum barometric height (b’) and maximum gradient 
(U’) remain sensibly constant at fifteen inches, and fifteen inches 
per mile, respectively, throughout an approximately circular 
area of the flue the radius (r’) whereof is to be here taken as the 
unit distance from the center of the funnel,-so that, tor the de- 
termination of the wind-velocity (V) at any distance (d’) in feet 
outward from the center of the flue, or axis of the funnel of a 
tornado, we have the following expression :— 
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(a) 


the value of V’ being taken trom Table A for the barometric 
height (b’) of fifteen inches and gradient (U’) of fifteen inches 
per mile, this maximum velocity being 2320 miles per hour, 
while the value of the semi-diameter (r’) of the aforesaid circu- 
lar area of minimum pressure I have found to be twenty-five 
feet, the mean-diameter of the flue of the tornado being fifty 
feet. Substituting these values of V’ and r’ in equation (a) the 
latter reduces to the following :— 


11,600 
Vv d’ (IV) 


through which equation the velocity (V), in miles per hour, at 
any distance (d’) can be found, and by means thereof I have 
computed the velocities set forth in Table C, below,each dis- 
tance (d’) up to one mile, being expressed in feet, and the rest in 
miles up to twenty, the corresponding barometric gradients at 
ach distance being set forth in the third column, these gradients 
having been derived from the unit gradients in Table A, by in- 
terpolation with the velocities in Table C as the arguments,— 
first differences only being considered. The relation between the 
distances (d’) and the gradients (U’) can be graphically illus- 
trated in the form of a curve if we adopt the distances, in the 
first column, as the abscissae; and the gradients, in the third 
column, as the ordinates, of said curve. Furthermore, since the 
relation between distances, gradienis and wind-velocities is the 
same on all sides ot the central circular area of minimum and 
constant pressure within the funnel of any tornado, a similar 
curve may be described, having its origin—like the former—on 


the circumference of this area, and extending in a diametrically 
opposite direction to that of the first mentioned curve, these two 
curves, at their origins, being separated by the diameter (2.r’) 
of the circular area aforesaid. 


Such combination of the two curves, one extending upward to 
the right and the other upward to the left—their lower extremities 
being separated by a horizontal line—would constitute a diagram 
of a vertical section of an ideal tornado, through the axis of the 
funnel, this graphic illustration being very true to nature if the 
portions between the two curves be shaded deeply,—better, if 
blackened,—and by regarding this section as being revolved 
around the vertical axis, the torm, dimensions and appearances 
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ot a typical, well-developed and symmetrical tornado—or of a 
waterspout which is, generally, more clearly detined—will be 
depicted, the formation, in general, being that of an inverted 
cone when the vertex thereof just reaches the Earth’s surface: 
this cone being truncated by the latter when the conical funnel 
descends lower. When the funnel does not reach the surface, 
the direct, and distinct, vorticose action of a tornadoceases upon 
said surface, but there is a more, or less, violent indraft of air 
along the latter toward a point beneath the vertex of the sus- 


TABLE C. 














Distance | Wind-Velocity | Gradient Wind- : ce 
- : tenia Remarks 
(d’) (V) (U) Pressure 
Feet | Mile-Hour | Inch-Mile |Pds. Sq, Ft. 
25 | 2320 15.00 24220 The barometric height 
7 | coon | eo pm to (b’) at any distance (d’) is 
po 820 PD 50) 9040 equal tothe external height 
300 670 1.70 | 2020 (b) minus one half the gra- 
400 | 580 1.30 1510 dient (U) in third column. 
500 | a hg = The interpolation of these 
ene 260 0. 50 300 gradients involves only first 
3000 210 | 0.40 200 differences. The wind-pres- 
4000 180 0.35 150 | sures (P) are computed by 
Mil means of the formula P= 
Miles | 0.0045 V? tor each velocity 
1 160 30 195 in second column. 
1% 130 25 | 75 
2 110 0.20 | 55 
3 90 0.18 40 
4 80 | 0.15 30 
5 70 |} O14 | 20 
10 50 | 0.10 | 10 | 
20 35 | 0.06 | 5 








pended funnel, combined with an uprush of this air toward the 
latter, the resultant being in the form of a cone having its base 
on the surface, and its vertex pointed upward toward that of 
the inverted, conical funnel. Thislatter formation is well-defined 
in the case of waterspouts, in which the surface of the water 
immediately beneath the descending funnel is observed to be, at 
first, agitated and then to rise, in the form of a cone, toward 
the vertex of the funnel, before there is any apparent connection 
between them. An inspection of Table C indicates, clearly, that 
the barometric gradients are steepest, and the wind-velocities 
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greatest, within a distance (d’) of only 500 feet, or so, from the 
axis of the funnel, or the center of the tornado, although both 
the gradients and the consequent velocities remain abnormally 
high up toa distance of about one and a half miles at which 
the gradient is 0.25 inch and the wind-velucity 130 miles per 
hour. Beyond a distance of one mile from the axis of the tunnel, 
and up to three miles, the velocities are those of a tropical 
hurricane due to a gradient of about one inch in 1714 miles; 
between distances four and six miles, the velocities are those of 
a tempest; up to ten miles, those of a gale and up to twenty 
miles the winds consequent upon the partial vacuum immediate- 
ly surrounding the axis of a tornado may be designated simply 
as “high” at all points in the circumference of a circle having a 
radius of twenty miles, while beyond that the velocities are 
those of ordinary winds, and this distance may be regarded as, 
practically, marking the limit of the influence of a tornado, on 
either side of its path which, in all cases, extends in a general 
easterly direction and in by far the greater number toward the 
northeast. The mean motion of the air directly within the flue 
of the funnel is more, or less, vertically upward, the velocity of 
the ascending current of electrified air, as determined, by means 
of the fundamental equation (1), for a vacuum of fifteen inches 
of mercury, being, very approximately, 1100 feet per second, 
and any of the debris, or portions of structures demolished by 
the winds circling immediately around this central flue and en- 
tering the latter, arecarried upward by the ascending air-current 
therein to altitudes of 2000—6000 feet and either thrown out at 
the top of the vortex in, ornear, the general cloud-level, orcarried 
onward by the advancing and rotating mass of air, to consider- 
able distances, in some cases as great as twenty miles. 
Saint Paul, Minnesota. 
To be continued. 

















Planet Notes 


PLANET NOTES FOR JUNE, 1909. 





Mercury will be at inferior conjunction, between Earth and Sun, on June 14. 
The planet will pass about 3° to the south of the Sun. On the morning of 
June 7, Mercury will be 2° 11’ south of Venus, but both planets will then be 
too near the Sun to be seen without the aid of telescopes. The conjunction in 
right ascension will occur at 9 o’clock central standard time. 


eA 





HORTON 
z 


west? 





THE CONSTELTATIONS AT 9:00 P. M., JUNE 1, 1909. 


Venus will be evening star from now on for several months, setting in the 
northwest from three quarters of an hour to an hour and a quarter after sun- 
set during this month. Venus is on the farther side of the Sun, so that her 
distance is great, making the apparent size of her disk small. The phase is nearly 
that of the full Moon. 
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Mars is near the meridian at six o’clock in the morning in the constella- 
tion Aquarius, and may be best studied about an hour betore sunrise. The 
planet is approaching us now, or rather we are approaching it, and its ap- 
parent diameter will increase from 11” June 1 to 14” June 30. 

Jupiter may be found toward the west in the evening. The best time for 
study of its surface will be in the twilight for an hour or so after sunset. The 
motion of Jupiter from now on through the summer will be southeastward 
along the ecliptic. The planet will be in the constellation Leo during the rest 
of the summer and autumn. 

Saturn is visible in the morning hours in constellation Pisces, about 30 
northeast from Mars. 

Uranus is near the meridian, in the constellation Sagittarius at about two 
o'clock in the morning. It can be found only with the aid of a telescope. 

Neptune is approaching conjunction with the Sun and will, therefore, be 
invisible during this month. 


A Central Eclipse of the Sun will occur on June 17, which will be visible as a 
partial eclipse in all of the United States except the extreme western and 
southern portions. At Northfield the eclipse will begin at about six o’clock, 
central standard time and end a few minutes before sunset. In the eastern and 
southern states the Sun will set partially eclipsed. As seen from Northfield the 


Moon will pass across the northern portion of the Sun’s disk. 


The central eclipse will begin as an annular eclipse in Siberia, will change in 
a few seconds to a total eclipse, and will remain so until within a fraction of a 
minute of its end, when it will change back to annular eclipse. The path of total 
eclipse passes almost wholly over the inaccessible polar regions extending from 
Siberia to Greenland. 

The following data will enable any one to calculate the times of the contacts 


and the magnitude of the eclipse at his own locality. 


CENTRAL ECLIPSE OF THE SUN JUNE f7'# 1909 
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A 


June 


Total Eclipse of the Moon 
generally in Europe, Africa and South America. 
observed in southwestern Asia. 


Sun’s Declination 

Moon’s declination 
Sun’s equa. hor. parallax 
Moon’s equa. hor. parallax 


Sun’s right ascension 
Moon’s right ascension 
Sun’s declination 
Moon’s declination 
Sun’s equa. hor. parallax 
Moon's equa. hor. parallax 


Occultations v 


Star’s 

Name 
w! Scorpii 
24 Ophiuchi 


161 B. Capricorni 


25 Arietis 
y Cancri 
42 Leonis 
65 Virginis 
66 Virginis 


5h 490" 54° 68 
+23° 23’ 36.6 
+24 


ELEMENTS OF THE ECLIPSE. 





Hourly motions 
Hourly motion 






Greenwich mean time of conjunction in right ascension, June 17% 11" 31™ 145.0. 


Sun's and Moon’s R.A. 


10°.40 and 147°.49 
4+ 0’ 04.2 


15 36 9 Hourly motion 
S 7 Sun’s true semidiam. 
57 44 .2 Moon’s true semidiam. 


will occur on June 3. 


THE ELEMENTS OF THE ECLIPSE. 


Moon enters penumbra 
Moon enters shadow 
Total eclipse begins 
Middle of eclipse 
Total eclipse ends 
Moon leaves shadow 
Moon leaves penumbra 


623 B. Virginis 


Greenwich Mean Time 
« h mn 

June 3 10 836.3 
11 43.4 

12 58.0 

13 28.8 

18 69.7 

15 14.3 

16 21.3 





IMMERSION 


Magni- Washing- Angle 
tude. ton M.T. f'm N. 
h m sa 


4.3 13 04 170 
5 


9 30 113 
6.4 16 23 11 
6.5 15 30 4.7 
4.9 8 56 136 
6.1 7 40 114 


6.0 10 33 124 
§.7 al 3i 141 
&t 82 110 





CIRCUMSTANCES OF THE ECLIPSE. 


It 


15 
15 


04 .0 
44 .3 
43 .2 


will be visible 


45 45" 17°.68 Hourly motion 
16 45 17.68 Hourly motion 
+22° 20’ 27.5 Hourly motion 
—21 58 40 .7 Hourly motion 
S 7 Sun’s true semidiam. 
6 35 .7 Noon’s true semidiam, 


( 


The beginning may also be 
In North America the Moon will rise eclipsed. 


Greenwich mean time of conjunction in right ascension, June 34 13" 15™ 075.9, 


10°.26 
137 .03 


18" 3 
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45 18 


15 
15 24 .6 


Central Standard Time 


June 


Magnitude of the eclipse 1.164 (Moon’s diameter = 1.0). 


isible at Washington. 
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Phenomena of Jupiter’s Satellites. 
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Comet and Asteroid Notes 


Phenomena of Jupiter’s Satellites.—Continued. 


h m I 

June 12 8 57 II Tr. Eg. June 21 8 39 ; te, ie. 
13 9 24 I Oc. Dis. 8 55 II Ec. Re. 
9 54 IV Ec. Re. 9 50 I Sh, In. 

14 6 42 [ Te. Eu. 10 58 i Te. Be. 
7 56 I Sh. In. a. 8 I Ec. Re. 
9 O01 I Tr. Eg. 24 7 46 III Oc. Dis. 

10 14 I Sh. Eg. 21 14 III Oc. Re. 

is 7 2 I Ec. Re. 28 10 37 I Tr. In 
17 7 O38 III Oc. Re. 29 7 49 I Oc. Dis 
8 389 III Ec. Dis. it 23 I Ec. Re 
129 8 46 Ht Tr. In 50 7 24 I Tr. Eg. 
13 24 Tt Sh. in. 8 31 I Sh. Eg 


Note.—In., denotes ingress; Eg., egress; Dis., disappearance; Ke., reap- 
pearance; Ec., eclipse; Oc., occultation; Tr., Transit of the Satellite; Sh., 
transit of the shadow 





COMET AND ASTEROID NOTES. 





Opposition Ephemeris of Comet d 1907 Daniel.—In A. N. 4317 
Mr. H. H. Kritzinger gives the following ephemeris of Daniel’s comet for the time 
when it is near opposition and hence at its nearest point to the Earth for this 
year. The comet is well out toward the orbit of Saturn, so that it is extreme- 
ly doubtful whether it will be detected even upon long exposure photographs. 


1909 a 6 log 1 log A Mag. 
! ' 2 , 

April 16 15 20.2 —7 50 0.861 0.804 14.3 
20 18.3 —7 40 

24 16.3 —7 30 0.865 0.804 14.3 
28 14.3 —7 20 

May 2 12.3 —f 11 0.870 0.807 14.4 
6 10.3 —7 03 

10 8.2 —6 55 0.874 0.812 14.4 
14 6.2 —6 47 

18 4.3 —6 40 0.878 0.817 14.5 
22 2.4 —6 33 

26 15 0.5 —6 27 0.881 0.824 14.6 





Halley’s Comet. 
Geocentric Positions August 19—November 7, 1909 computed by F. E. 
Seagrave. 


1909 _-. Decl. Log A Log r 
August 19 6 9 45 +17 29 4 0.60747 0°55078 
; 27 6 13 1 if 28 31 0.58418 0.53972 
September 4 6 15 38 is aa 22 0.55840 0.52822 
12 6 17 26 ld 2o 22 0.53000 0.51632 
20 6 16 7 17 23 16 0.49866 0.50388 
25 GS iv 27 lg «21 «446 0.46429 0.49090 
October 6 6 15 2 17 19 25 0.42691 0.47745 
14. 6 10 20 17 18 13 0.38614 0.46330 
22 6 2 46 ly Ge ee 0.34225 0.44844 
30 5 §&1 29 17 16 20 0.29561 0.43280 
November 7 5 35 3 +17 13 7 0.24737 0.41640 
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Ephemeris of Come: c 1908 (Morehouse ).—This comet will above 
our horizon again during this month, and may be possibly observed by northern 
observers. It is growing rapidly fainter, the brightness on May 1 being 
theoretically nine tenths of that at the time of the comet’s discovery, three 
tenths on June 1, and one seventh on July 1. 

EPHEMERIS OF COMET c 1908. 


[From Astronomische Nachrichten No. 4309]. 


1909 m a ) log r log A Brightness 
April 30 9 10 47 —45 19.9 0.3427 0.2245 0.95 
May 1 10 28 44. 32.1 

2 10. 13 43 45.5 
3 10 1 3 0.1 
4 9 53 42 16.0 0 3524 0.2470 0.82 
5 9 48 41 33.1 
6 9 45 $0 51.3 
7 9 45 40 10.7 
8 9 48 39 31.3 0.3618 0.2695 0.71 
9 9 53 38 53.0 
10 10 © 88 15.7 
11 id 9 37 39.5 
12 10 19 37 4.3 0.3710 0.2919 0.61 
13 10 32 36 30.1 
14 10 46 35 56.9 
15 11 2 35 24.6 
16 11 19 34 53.3 0.3799 0.3139 0.53 
a7 11 38 34 22.9 
18 11 58 38 63.3 
19 12 19 33 246 
20 12 41 32 56.8 0.3887 0.3352 0.46 
21 13 4 32 29.8 
22 13 28 32 3.6 
23 13 54 31 38.2 
24 14 20 31 13.5 0.3972 0.3560 0.40 
25 14 47 30 49.6 
26 15 15 30 26.4 
27 15 44 30 3.9 
28 16 14 29 42.0 0.4056 0.3760 0.35 
29 16 44 29 20.8 
30 17 «615 29 0.2 
31 17 47 28 40.2 
June 1 18 19 28 20.9 0.4138 0.3953 0.31 
2 18 52 28 2.1 
3 19 25 21 3.9 
+ 19 59 27 26.2 
§ 20 33 27 9.1 0.4217 0.4138 0.28 
6 21 8 26 52.5 
‘| 21 43 26 36.4 
8 22 19 26 20.8 
9 22 55 26 6.7 0.4295 0.4315 0.25 
10 28 32 25 561.1 
11 24 9 25 36.9 
12 24 46 20 Za.s 
13 25 24 25 i0.0 0.4372 0.4485 0.22 
14 26 2 24 57.1 
15 26 40 24 44.7 
16 27 18 24 32.7 
17 27 56 24 21.1 0.4447 0.4646 0.20 
18 28 34 24 9.9 
19 29 13 23 59.0 
20 29 52 23 48.5 


0.4801 

















1909 


June 


> bo te tS 
OD Cie C bo 


Ndwobot 
DI 


Ephemeris of Eros.—The following ephemeris of Eros has 
puted by Mr. F. 


Date 
1910 
Mar. 3 


Apr. 


May 6 


June 


July 1 


17 


Astronomical Bulletin, No. 346, 
Harvard College Observatory, 


Mar. Cambridge, Mass 


wo CO Co D&D GW & 


Crone Whee - 


36 
18 

4. 
24 
49 
+9 
13 
52 
39 
41 
12 


1909, 


no 


2th 


~) 


toh bon 


t 


t 


Variable 


36. 


92 


HON 


ee ee YS 





Stars 


0.4591 


0.4662 


log A srightness 
0.4948 0.16 
0.5089 0.15 


MARTIN EBELL. 





0 


1. Seagrave, of the Seagrave Observator 


7 


56 
50 
55 
18 
16 


20 


10 


> 


N 9 Prov idence, R 


log 1 log 4 
0.1199 9.8964 
0.1283 9.8820 
0.1366 9.8663 
0.1448 9.8495 
0.1528 9.8321 
0.1606 9.8146 
0.1681 9.7983 
0.1754 9.7844 
0.1824 9.7747 
0.1890 G.7709 
0.1954 9.7744 
0.2014 9 7860 
0.2070 9.8054 
0.2123 9.8313 
0.2173 9.8621 
0.2219 9.8959 
0.2262 8.9314 
0.2301 9.9706 





VARIABLE STARS. 


Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning 
Central Standard time subtract 6 hours, or 


SY Androm. 


d h 
June 1 5 
SX Cassiop. 
June : 8 
U Cephei 
June 2 3 

4 1 

7 


1 





of dof OO 


) Cephei 


June 


for E 
Z Persei 
18 


21 


vith noon. To rec 





time subtract 5 hours.] 


RZ Cassiop 


June 1 20 June 15 
3 1 16 
1 6 17 
» 10 18 
5 15 19 
‘ 2o 20 
9 O 22 
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been com 


= 3 
Mag. 


10 
10. 


10.6 
10.6 


10. 
10.5 
10 


10.4 


10. 
10 

10 

10. 
10 

10. 
11. 

11.: 
11. 

11 


luce to 


RZ Cassiop 





Minima of Variable Stars of the Algol 


RZ Cassiop. 


da h 
June 28 3 
29 #68 
30 13 
RX Cephei 
June 22 16 
ST Persei 
June 3. 3 
5 18 

8 10 

i 1 
a if 
16 8 
19 O 
2% 16 

24 7 

26 23 
29 14 

Algol 

June : 20 
4 $7 
7 4 

10 «61 

12 21 
15 19 
18 15 
23 632 
24 9 
27 5 
30 2 
RT Persei 
June 1 16 
2 12 
3 8 
4 5 

5 1 

§& 21 
6 18 
7 14 
8 10 
9 7 
10 3 
11 0 
11 20 
12 16 
13 13 


Variable 


Stars 


RT Persei R Canis Maj. X Carinae 
d h d h d h 
June 26 7 June 28 12 June 19 23 
27 3 29 15 21 
27 23 30 18 22 3 
28 20 Y Camelop. 2300S 
29 16 June 3 14 24 7 
3 2 6 21 25 9 
Tauri 10 5 26 11 
June 1 1 13 12 20 13 
5 (0 16 19 28 15 
8 23 20 3 29 17 
12 21 23 10 30 19 
16 20 26 17 - 
20 19 30 1 > Sane 
‘ June 3 18 
26 18 RR Puppis 13 5 
. = 1% June 3 19 22 17 
RW Tauri 10 6 
June 3 . 16 16 S Velorum 
5 19 23° 2 June 4 15 
Po 14 29 13 10 13 
14 ro V Puppis = 12 
16 21 June 1 14 on a 
19 15 _ =. 
22 10 L 12 
a 5 23 Y Leonis 
= i 7 10 June : 2 
— os 8 21 2 20 
30 «17 10 8 4 12 
RS Cephei 11 19 6 5 
June 11 10 13.5 cf 2) 
23 20 14 16 9 14 
RY Geminorum 16 3 = an 
2 2 2 17 14 12 23 
June 3 18 a. 
131 19 1 + ie 
22 8 20 12 -_ 
9 92 19 0 
R Canis Maj. 4 a 20 16 
3 23 10 
June i : 24 21 92 «9 
2 412 26 8 3 
4 15 27 19 25 18 
5 18 29 5 27 10 
6 99 30 16 9 3 
8 1 X Carine 
9 4 June 1 14 RR Velorum 
10 7 2 16 June 1 12 
11 10 3 ; 9 





3 
5 
i 








Ty pe.—Continued. 


SS Cancri 
d bh 


June s §& 
6 13 

9 20 

13 3 

16 10 

19 17 

23 1 

26 «68 

29 15 


RW Urs. Maj. 


June 1 19 
9 3 
16 11 
23 19 
Z Draconis 
June 1 5 
2 14 
Ss Ze 
S 7 
6 16 
os © 
9 9 
10 17 
12 2 
13 10 
14 19 
16 3 
ig 12 
Ge 21 
20 5 
21 14 
22 22 
24 7 
25 15 
27 #0 
28 9 
29 17 
SS Centauri 
June 2 4 
4 16 
7 8 
9 15 
12 62 
14 14 
‘a 











Minima of Variable Stars of the Algol Type. 


6 Librae U Ophiuchi 

d h h 

June 21 > June 7 10 
23 14 8 6 

25 22 9 2 

28 6 > 22 

30 14 10 18 

U Corone 11 14 
June 2 7 12 10 
; 5 18 13 7 
9 5 14 3 

12 16 14 23 

16 2 15 19 

19 14 16 15 

23 1 a¢ 22 

26 12 18 7 

29 23 19 3 
115.1908 Ophi. 20 O 
June 1 20 20 20 
4 7 21 16 

6 ig 22 14 

9 4 23 8 

il 15 24. 4 

14 1 25 O 

16 12 25 20 

18 23 26 17 

21 9 27 13 

23 20 28 9 

26 7 20 5 

28 18 30 1 
116.1908 Ophi. : ad 21 

June 1 4 Z Herculis 
3 6 June 2 is 

5 7 4 12 

7 9 6 14 

9 10 8 11 

ll 12 14 14 

i3 138 16 11 

15 15 18 14 

17 16 20 11 

19 18 22 14 

21 19 24 11 

23 21 26 13 

25 22 2& 10 

28 O 3:0 13 

30. 1 RS Sagittarii 
RAre June 2 15 

June 4 5 1 
§ 15 7 £3 

10 1 9 21 

14 11 12 ? 

12 21 14 7 

23 7 17 3 

27 18 19 13 

U Ophiuchi 21 23 
June 1 18 24 9 
2 9 26 19 

29 5 


1 cob 
~~ 
CS a el | 


V Serpentis 


2 June 2 6 
§ 1 6 tT 
6 1 9 4 


V Serpentis 
d oh 
June 12 15 
16 2 
19 12 
22 23 
26 10 
29 21 
RZ Dracon 
June 1 22 
3 0 
4 3 
re) re) 
6 7 
7 10 
S i2 
9 15 
10 17 
11 20 
i2 22 
14 0 
15 3 
16 5 
17 8 
18 10 
19 13 
20 15 
2 
és 20 
ao 623 
25 1 
26 3 
27 6 
28 ~ 
29 11 
30 13 
RX Herculis 
June 1 20 


o +S 
6 7 
7 4 
8 l 
8 23 
9 20 
ko if 
ll 168 
a2 i2 
13 9 
14 7 
15 4 
16 1 
16 23 
17 20 
18 17 
19 15 
20 12 
21 10 
2 7 


Variable Stars 


is 


RX Herculis 


d h 
June 24 2 
24 23 
25 20 
26 18 
27 15 
29 10 
30 7 
SX Sagittarii 

June 1 6 
3 9 

5 10 

..- <2 

9 14 

11 16 
13 18 
15 20 
iz 621 
19 23 
22 1 
24 3 
26 5 
28 7 

sO yg 
RR Draconis 
June 1 t 
4 1 

6 21 

9 17 

2 38 

15 9 
18 5 
21 l 
23 21 
26 16 
29 12 

U Scuti 

June 1 6 
2 5 

3 4 

} 3 

5 2 

( 1 

7 9) 

i‘ 22 

S 21 

9 20 

10 19 
6 6s 
is 27 
13 16 
14 15 
15 14 
16 13 
is 22 
18 11 
19 9 
20 8 
21 7 
> 6 

=a , 


—Continued. 


U Scuti 





d h 
June 24 4 
25 3 

26 2 

27 i 

28 0 

28 23 

29 22 

30 21 
RX Draconis 
June 2 is 
1 #16 

6 13 

Ss 11 

10 8 

12 6 

14 3 

16 1 

is 622 

19 19 

21 17 

23 14 

ap t2 

27 9 

29 7 

RV Lyre 
June 3 20 
7 #10 

11 cf) 

14 $15 

18 5 

21 20 

25 O 

28" 14 

U Sagittae 
June 4 9 
7 18 

11 3 

14 12 

ky 62 

21 7 

24 16 

28 1 
SY Cygni 
June 6 18 
12 18 

18 18 

24 #18 

30 #18 
WW Cygni 
June 3. 06«CO 
6 Ss 

9 15 

i2 23 

16 7 

19 14 

4224 22 

26 6 

29 13 








SW Cygni 


d h 
June Pe 
5 16 
10 6 
14 20 
19 9 
23 23 
28 13 

VW Cygni 
June 6 16 
15 «3 
23 13 

UW Cvgni 
June 3 16 
7 2 
10 13 


UW Cygni 


d h 
June 14 O 
ie 22 
20 21 
24 8 
27 19 


W Delphini 
June 4 7 
9 

13 

18 

23 

28 

RR Delphini 
June 1 9 
5 93 


vo “=< 


) 


RD 
O—t 


~I to 


Variable Stars 


RR Delphini 


June 


VV 


June 


d h 
10 13 


15 4 
19 18 
24 8 
28 23 
Cygni 
1 14 
3 2 
4 13 
6 1 
t 43 
9 O 
10 11 
11 23 
13. 10 





Minima of Variable Stars of the Algol 


VV 


June 


June 





Ty pe.—Continued. 


143.1907 


Cygni 
d h 
14 21 
16 9 
17 20 
19 8 
20 19 
22 7 
23 18 
25 6 
26 17 
28 5 
29 16 


UZ Cygni 


9 


3 


June 


d 
1 
+ 
7 
9 
12 
15 
18 
21 
23 
26 
29 


Andr. 


ps KD pat pet 
Ole I> 


ma} OH 


—! 
Oe co 


Maxima of Variable Stars of Short Period not of the Algol Type. 





Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 


SY Cassiop. 


d h 
June 3 2 
a 
11 5 
15 7 
19 8 
23. 10 
27 12 
RW Cassiop. 
(—5 19) 
June 19 12 
25 tj 
RX Aurigze 
(—4 0) 
June 8 16 
20 7 
Y Aurige 
(—O 18) 
June 3 18 
4 9 
11 6 
i 
18 23 
22 20 
26 16 
30 13 
T Monoc. 
(—9 23) 
June 8 15 
W Geminorum 
(—2 2) 
June 1 6 
9 + 
py ae 
25 0 


§ Geminorum 


d h 
june 1 1 


Oo 
21 8 


RU Camelop. 
2) 


(—9 12 
June 8 6 
30 13 

V Carine 
(—2 4) 
June 3.9 
10 1 
16 18 
23 11 
30 4 

T Velorum 
(—1 10) 
June 2 10 
i oa 

12. 27 

16 8 

21 O 

25 15 

30 6 

W Carinz 

(— 1 0) 

June 3 13 
1 22 

12 7 

16 16 
2% 1 

25 9 


29 18 


June 


June 


June 


June 


a h 
(—3 11) 
9 2 
18 17 
28 9 
T Crucis 
(—2 2) 
3 18 
10 11 
ne § 
a0 22 
30 16 
R Crucis 
(—1 10) 
6 1 

ra 2 
uz 27 
an 1a 
29 s 
S Crucis 
(—1 12) 
i 22 

6 15 

11 7 
16 0 
20 16 
25 9 
30 1 
RZ Centauri 
: a9 

2 ii 

3 12 

4 10 





S Musce 


RZ Centauri 


June 


W Virginis 


June 


d 


mh pe peed ph ted pe ped fed 
OO FOND RK RK OOO! 


a 
OO-! 


20 
21 
22 
23 
2+ 
25 
26 
26 
yi § 
28 
29 
30 


(—-8 
1 
18 


h 
9 


5) 
16 
19 


V Centauri 


June 


R Triang. Austr. 


June 


(—1 
3 
7 


0) 
21 
7 
16 
2 
11 
20 
6 


15 


S Triang. Austr. 


June 


June 


2) 
4. 
12 
20 
3 
11 


rme 
10) 


2 
20 















as a ee ad 








ee 








Variable Stars 
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Maxima of Variable Stars of Short Period not of the Algol Type. 
Continued. 


RV Scorpii Y Sagittarii 
d h h 


a 

(—1 10) (—-2 2) 

June 5 7 June 1 22 
11 9 7 ls 

17 10 3 ii 

23 i2 19 6 

29 13 25 1 

30 19 
RV Ophiuchi __U Sagittarii 
Minimum. (—2 23) 
June 1 10 June 4 15 
5 2 11 9 

8 19 18 2 

‘> 33 24 20 

16 4 ae 

19 20 ee 

2s is (—3 2) 

27 5& June 3 19 

30 22 10 62 

16 18 

X Sagittarii 22 «(OO 
(—2 22) « Pavonis 
June 4 17 (—4 7) 
11 18 June 8 1 

18 18 17 3 

25 18 26 5 

U Aquilz 

7O a (— <= 4) 
Pi, June f 12 
June 12 5 14 12 
099 «7 21 13 

28 14 
W Sagittarii U Vulpecule 
(—3 O) (—2 3) 
June 5 23 Jnne 3 15 
is 13 14 

21 3 19 14 

28 18 2% is 


SU Cygni 
d t 


(— 1 7) 
June 1 22 june 
5 18 
9 15 
1S 11 
17 7 
21 4 
25 O 
28 20 
June 
7 Aquilae 
(— 2 6) 
June 7 15 
14 20 June 
22 
29 4 


S Sagittae Vv 
(—3 10) ( 
June 6 20 ( 
15 5 June 
23 14 
X Vulpecule 
(—2 1) 
June 4 12 
10 20 : 
i7 3 Y 
23 11 : 
29 19 June 
V Vulpeculae 
(—6 19) 
June 7 14 
23 23 





Approximate Magnitudes of Variable 


(Communicated by the Director of 


Harvar 


d College Obs 





Name. es Decl. Magn 
1900. 1900 
h m a4 Z 
X Androm. O 10.8 +46 27 13.7 
T Androm. 17.2 +26 26 <13.5 
T Cassiop. 17.8 +55 14 10.0d 
R Androm. 18.8 +38 1 14.0 
S Ceti 19.0 — 9 53 12.6d 
Y Cephei 31.3 +79 48 12.5 
U Cassiop. 40.8 +47 43 12.8d 
V Androm. 44.6 +35 6 <14.0 
RR Androm. 45.9 +33 50 13.0 
RV Cassiop. 47.1 +46 53 14.5d 
RW Androm. 41.9 +32 8 14.1ld 
W Cassiop. 49.0 +58 1 10.1d 
UAndrom. 1 9.8 +40 11 11.57 
S Piscium 12.4 + 8 24 8.51 





Name 


S Cassiop. 
U Piscium 
R Piscium 
RU Androm 
Y Androm. 
X Cassiop. 
U Persei 

S Arietis 

R Arietis 
W Androm 
Z Cephei 

o Ceti 

S Persei 
RR Cephei 


(am 


a 


1 


9 


13 


IS 


T Vulpeculae 


10) 
7 
18 


TX Cygni 


3 


» 


VY Cygni 


€ 


o 


14) 
12 


Z Cygni 
—2 12) 
6) 
2 19 
¢ 19 
ke if 
kg is 
22 6 
we 
a | 
Lacertae 
1 10) 
3-14 
t 22 
12 6 
16 13 
20 21 
25 4 
<9 12 


Stars on April 


R.A. 
1900 


30.4 


5 Cephei 
d h 


June 5 12 
10 21 

16 5 

at 14 

26 23 

V Lacertae 
(—1 16) 

June 2 18 
7 12 

12 12 

17 11 

22 11 

ze 11 


X Lacertae 


June 5 ) 


10 13 

16 0 

21 10 

26 21 

SW Cassiop. 
June 4 $17 
10 6 

15 19 

21 Ss 

26 21 

RS C assiop 

1 19) 

June 1 15 
. we 

14 5 

20 12 

26 20 


RY Cassiop. 


( r 19) 
June 1 11 
13 14 

25 18 


1, 1909. 


rvatory, Cambridge, Mass.] 


Decl Magn, 
1900 
ré2 § 13.7d 
+12 21 8.21 
r 2 22 8.51 
38 10 9.51 
-38 50 901 
8 46 8.67 
34 20 8.2 
+12 3 14.0d 
+24 35 11.4d 
$3 80 138.S< 
+81 13 11.17 
— 3 26 7.4d 
+58 8 9.6d 
+80 42 <13 
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Approximate Magnitudes of Variable Stars on Apr. 1, 1909—Con. 


Name. 


RR Persei 
R Trianguli 
T Arietis 
W Persei 
U Arietis 
X Ceti 

Y Persei 

R Persei 
Nov. Per. 2 
T Tauri 

R Tauri 

W Tauri 

S Tauri 

T Camelop. 
X Camelop. 
RX Tauri 
V Tauri 

R Orionis 
R Leporis 
V Orionis 
T Leporis 
R Aurigae 
S Aurigae 
W Aurigae 
S Orionis 
T Orionis 
S Camelop. 
RR Tauri 
U Aurigae 
Z Tauri 

U Orionis 
V Camelop. 
Z Aurigae 
X Aurigae 
V Aurigae 
V Monoc. 
R Monoc. 
S Lyncis 
X Gemin. 
W Nonoc. 
Y Monoc. 
X Monoc. 
R Lyncis 
RS Gemin. 


V Can. Min. 


R Gemin. 
RCan. Min. 
RR Monoc. 
V Gemin. 
S Can. Min. 


T Can. Min. 


Z Puppis 


U Can. Min. 


S Gemin. 
T Gemin. 
U Puppis 
R Cancri 
V Cancri 
RT Hydrae 
U Cancri 
X Urs. Maj. 


< 


o 


6 


R. A. 


— 
No 


aw 
on 
Oo 


os on 
ag en: ~: 
QHD AON C Fw ol-I¢ 


Decl. 
1900 
+50 48 
+33 50 
+17 6 
+56 34 
+14 25 
— 1 26 
+43 50 
+35 20 
443 34 
+19 18 
+9 56 
415 49 
+9 44 
+65 57 
+74 56 
+ 8 9 
+17 22 
+ 7 59 
—14 57 
+ 3 58 
—22 2 
+53 28 
+34 4 
+36 49 
— 4 46 
-§ 32 
+68 45 
+26 19 
+31 59 
+15 46 
+20 10 
+74 30 
453 18 
+50 15 
+47 45 
— 2 9 
+ 8 49 
+58 O 
+30 23 
— 7 2 
+11 22 
— 8 56 
+55 28 
+30 40 
+9 2 
+22 52 
+10 11 
+1 17 
+'!3 17 
+ 8 32 
+11 58 
—20 27 
+ 8 37 
+23 41 
423 59 
—12 34 
+12 2 
+17 36 
— 5 59 
+19 14 
+50 30 


Magn. 


8.07 
11 2d 
9.3d 
9.1d 
10 0d 
10.0d 
10.0 
14.0d 
12.8d 
10.0 
12.01 
12.07 
9.61 
8.21 


10.67 
12.0d 
<14 
9.51 
9.7 
13.6 
<14 
10.33 
9.01 
7.8 
10.0d 
13.8d 


Name. 


S Hydrae 
T Hydrae 
T Caneri 

S Pyxidis 
W Cancri 
X Hvdrae 
Y Draconis 
R Leo. Min. 
RR Hydrae 
R Leonis 

Y Hydrae 
V Leonis 

R Urs. Maj. 
W Leonis 


i S Leonis 
R Comae 


T Virginis 
R Corvi 
SS Virginis 


i T Can. Ven. 


Y Virginis 
T Urs. Maj. 
R Virginis 


RS Urs. Maj. 


S Urs. Maj. 
RU Virginis 


i U Virginis 


RT Virginis 
RV Virginis 


5 V Virginis 
i R Hydrae 
S Virginis 


T Urs. Min. 


R Can. Ven. 


RR Virginis 


i Z Bootis 


Z Virginis 


i U Urs. Min. 
i S Bootis 
i RS Virginis 


R Camelop. 
R Bootis 
V Librae 
U Bootis 
RT Librae 
T Librae 

Y Librae 

S Librae 

S Serpentis 
S Coronae 
RS Librae 
RU Librae 
X Librae 
S Urs. Min. 
U Librae 

Z Librae 

R Coronae 
X Coronae 
R Serpentis 
V Coronae 
R Librae 


m. A. Decl. 
1900. 1900. 

h m ” ‘i 
8 48.4 + 3 27 
50.8 — 8 46 
51.0 +20 14 

9 O.7 —24 41 
4.0 +25 39 
30.7 —14 15 
31.1 +78 18 
39.6 +34 58 
40.4 —23 34 
42.2 +11 54 
464 -—22 33 
54.5 +21 44 
10 37.6 +69 18 
48.4 --14 15 

1! 5.7 +6 0 
59.1 +19 20 
12 95 —5 29 
14.4 -18 42 
201 2 1 19 
25.2 +32 3 
28.7 — 3 52 
31.8 +60 2 
33.4 t 32 
34.4 +59 2 
39.6 +61 38 
42.2 + 4 42 
46.0 + 6 6 
57.6 + 5 43 

13 2.8 —12 38 
22.6 — 2 39 
24.2 —22 16 
27.8 — 6 4i 
32.6 +73 56 
44.6 +40 2 
596 -— 8 483 
14 1.7 +18 59 
5.0 —12 50 
15.1 +67 15 
19.5 +54 16 
22.3 + £5 8 
25.1 +84 17 
32.8 +27 10 
84.8 —17 14 
49.7 +18 6 
15 0.8 —18 21 
5.0 —19 38 
6.4 — 5 38 
15.6 —20 2 
17.0 +14 40 
17.3 +31 44 
18.5 -—22 33 
27.7 —14 59 
30.4 —20 50 
33.4 +78 58 
36.2 —20 52 
40.7 —20 49 
44.4 +28 28 
45.2 +36 35 
46.1 -+-15 26 
46.0 +39 52 
47.9 -—15 56 


Magn. 


12.5d 
12.0d 
8.9 
8.57 
12.6d 
13.1d 
9.0 
10.2d 
<14 
9.4d 
7.0 
19.0d 
12.07 
13.0 
11.0d 
14.0 
13.7d 
8.07 
6.8 
9.61 
13.3d 
12.2 
701 
14.1d 
§.21 
13.5 
12.5d 
9.3d 
12.9 
13.9 
9.0 
10.8d 
13.5d 
12.2d 
13.5d 
11.4d 
12.4d 
12.2d 
11.6d 
13.7d 
11.8d 
7.81 
14.0d 
11.3 
10.4d 
13.3 
1.24 
9.7d 
4d 
8.5d 
7.02 
9.61 
5d 
8.31 
10.8 
13.7 
11.8d 
10.5 
11.77 
9.07 
<14.0 
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Approximate Magnitudes of Variable Stars on Apr. 1, 1909—Con. 


Name. R. A. Decl. Magn Name. R.A Decl. Magn, 
1900. 1900. 1900 1900 
h m ™ 4 h m ° : 

RR Librae 15 506 —1i18 1 14.0 W Lyrae 18 11.5 +36 38 9.57 
Z Coronae 52.2 +29 32 14.0 RY Ophiuchi 116 + 3 40 10.5 
RZ Scorpii 58.6 —23 50 12.5d T Serpentis 23.9 + 6 14 13.0 
Z Scorpii 16 O.1 —21 28 10.5 SV Herculis 22.3 +24 58 10.0 
R Herculis 1.77 +18 38 96d RZ Herculis 32.7 +20 58 13.5 
RR Herculis 1.5 +50 46 8.57 X Ophiuchi 33.6 4+ 8 44 7.03 
U Serpentis 2.5 +10 12 12.8d RY Lyrae 41.2 +34 34 13.2d 
X Scorpii 2.7 —21 16 12.8 RW Lyrae 42.1 +43 32 13.0 
W Scorpii 5.9 —19 53 12.1d Z Lyrae 56.0 +34 49 12.37 
RX Scorpii 5.9 —24 38 14.0d RX Lyrae 50.4 +32 42 <14 
RU Herculis 6.0 +25 20 13.7 RT Lyrae 57.8 37 22 13.01 
R Scorpii 11.7 —22 42 12.3 RAquilae i9 16 +8 5 11.6d 
S Scorpii 11.7 —22 39 13.0d V Lyrae 5.2 +29 30 12.7 
W Coronae 11.8 +38 3 94iS Lyrae 9.1 +25 50 967 
W Ophiuchi 16.0 — 7 28 <14.0 RS Lyrae 9.3 +33 15 <14.0 
V Ophiuchi 21.2 -12 12 95 TZCygni 13.4 +50 O 11.0d 
U Herculis 21.4 +19 7 12.5 U Lyrae 16.6 +37 42 10.0 
Y Scorpii 23.8 —19 13 <14 _ T Sagittae 17.2 +17 28 8.7 
SS Herculis 28.0 + 7 2&2 12.9d TY Cygni 29.8 +28 € 13.5 
S Ophiuchi 28.5 —16 57 12.0 R Cygni 34.1 +49 58 13.5d 
T Ophiuchi 28.0 —15 55 10.5 RT Aquilae 33.3 +11 30 8.571 
W Herculis 31.7 +37 32 13.5 RV Aquilae 35.9 + 9 42 11.0 
R Draconis 32.4 +66 58 12.8d RT Cygni 40.8 +48 32 10.5d 
RR Ophiuchi 3.2 —19 17 14.0 TU Cygni 13.3 +48 49 10.357 
S Herculis 47.4 +15 7 12.8d X Aquilae 46.5 + 4 13 <12.8 
RV Herculis 56.8 +31 22 14.4 x Cygni 16.7 +32 40 7.61 
R Ophiuchi 17 2.0 —15 58 134 ZCygni 58.6 +49 46 12.81 
RT Herculis 6.8 +27 11 12.5d X Cephei 21 3.6 +82 40 <14.1 
Z Ophiuchi 14.5 + 1 37 13.2d TCephei 82 468 5 7.5i 
RS Herculis 17.5 +23 1 = 7.71 S Cephei 36.5 +78 10 11.0d 
RU Ophiuchi 28.5 + 9 30 10.0 V Cassiop. 7.4 +59 8 13.0d 
RT Ophiuchi 51.8 +11 8 11.1d ZCassiop. 23 39.7 +56 2 <13.6 
RS Ophiuchi 44.8 — 6 40 11.8 RR Cassiop. 50.7 +33 8 10.7 
RY Herculis 55.4 +19 29 11.0 R Casssiop. 53.3 +50 50 10.9d 
T Herculis 18 §.3 +831 0 11.07 Y Cassiop. 58.2 +55 7 2258 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
iutude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made at the Roy, Vassar, 
Mt. Holyoke, Whitin, Swartz and Harvard Observatories. 





Provisional Elements of 13.1908 Lacertz and 52.1908 Gem- 
inorum.—In A. N. 4311 Mr. M. Luizet gives 9.4 days as the probable period 
of the variable 13.1908 Lacerta. On 41 out of 48 evenings between Sept. 7, 
1908 and Feb. 8, 1909, the star was constant in brightness, at magnitude 8.9. 
It was fainter on the seven evenings: Sept. 19, 29; Oct. 27; Nov. 24; Dec. 22; 
Jan. 19 and 29. The star seems to be of the Algol type. 

Since Oct. 16, 1908, five maxima of 52.1908 Geminorum have been ob- 
served. These yield the provisional elements 

Max. = 2418263.48 (Paris m. t.) + 5.5324 E 
1908 Nov. 17 11531™ + 5¢ 12 46.7 E. 
The light curve is of the 6 Cephei type, the diminution of light occupying about 
4.2 days and the increase about 1.3 days. 
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New Variable Star 4.1909 Cephei.—In A. N. 4309, Professor W. 
Ceraski calls attention to the variability of the star BD +78° 830. Judging 
from twenty photographs obtained between 1896 and 1908, it seems that the 
star varies between 91% and 1114 magnitude, but the character of the variation 
is uncertain. The period is possibly several months. The position of the star is 

1855.0 a= 23" 16™ 38°.86 6 = +78° 09’ 53” 
1900.0 23 18 03.42 +78 24 40 


3 
2 





Variability of BD +38°2798 = 5.1909 Herculis.—In A. N. 4309 
Mr. William E. Sperra announces as a new variable the star BD + 38°2798, 
which he has been using during the past year as a comparison star for the 
Harvard Variable 175.1907 Herculis. It seems to vary between magnitude 8.5 
and 9.1 ina short period. Its position is 


1855.0 a 165 29" 30°.61 6=-+38° 17’ 54.7 
1900.0 6=16 31 v5.01 +38 12 10 5 





New Variable 6.1909 Ursz Majoris.—This variable is in the edge 
of the Spiral Nebula Messier 101. Professor Max Wolf finds it as bright as 
magnitude 10 upon a photograph taken at Heidelberg February 21, 1909, but 
it is missing from photographs taken by Roberts May 30, 1892, and Keeler, 
April 5, 1907. It is apparently shown upon a print given in Newcomb’s 
“Astronomie fiir Jedermann’’, from a photograph by Keeler, but with no date 
assigned. Its position is 


1900.0 a=13" 58™ 29°:9 6=—+54° 56’ 51”. 





GENERAL NOTES. 


The next issue of this magazine will be for the months of June and July. 
It will not appear until late in June so as to divide the interval of the two 
months quite evenly. 





The General Index of ten volumes of the Sidereal Messenger, three 
volumes of Astronomy and Astro-Physics and sixteen volumes of Popular 
Astronomy is now nearing completion. The copy is finished, and the 
printing has already begun. The proof reading and the binding will require 
considerable time more, because great care is taken to have this important 
piece of work done thoroughly and well. 





Times of Sunrise and Sunset in the United States. Robert 
Wheeler Wilson, Professor of Astronomy in Harvard University has published 
a pamphlet of about fifty leaves, giving a quite complete graphical illustration 
of the times of sunrise and sunset in the United States for the entire year. The 
first three pages give the rules, illustrations, and examples pertaining to the 
use and application of the charts which are made for sunrise and sunset for 
every eighth day through the whole year. The rest of the pamphlet is given 
to the charts which are constructed, in central time, for the entire map of 
the United States. 

For example, the two charts on the first page give all the state and ter- 
ritory boundaries in the United States, parallel time lines for the entire area, and 
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dots to represent cities of twenty-five thousand or more. The hour lines are 
heavy and the intermediate ten minute lines are lighter. By this graphical ar- 
rangement it is easy to determine the time of any locality to a minute, at 
sight, in central time, for either sunrise or sunset. If any other standard 
time than the central is desired add or subtract the longitude and the result 
will be the time wanted. Tke pamphlet is neatly printed. Its plan is interest- 
ing and useful. 





Constellation Study. The spring time of the year is the best for a 
study of the constellations. Our little pamphlet which gives briet directions for 
this study, with charts for tracing, is proving a useful and a popular help to all 
students who wish to be self-guided in nightly observation. 

Several state universities, colleges and many individual students have been 
using our constellation charts during the last few years. Teachers of classes 
in elementary astronomy in these schools have found these charts a time-sav- 
ing help to them in the study of the constellations, because their students could 
sasily make all the necessary observations without their presence. 

In using these charts with our own classes, in Carleton College, it has been 
a pleasure to notice the interest awakened, and progress that beginners will 
make when students work alone, or in groups, in this way. These constella- 
tion charts cost only ten cents apiece. 





The Spectrum of Mars. In Science March 26, 1909, page 500, appears 
a note of special interest, on the spectrum of Mars by W. W. Campbell, director 
of Lick Observatory. That note refers to the study of this subject by Huggins, 
Vogel and others in the sixties and seventies and by himself in 1894-5. It will 
be remembered that the early observers thought they saw in the spectrum of 
Mars the evidence of oxygen and water vapor in its atmosphere. This view 
was regarded as authority for more than twenty years, and until Professor 
Campbell with the fine equipment of Lick Observatory became satisfied that 
oxygen and water vapor in the atmosphere of Mars did not exist in ‘“‘sufficient 
quantities to be detected by the spectroscopic method as then available’, al- 
though the method is a very sensitive one. 

The spectral region studied by these early observers and by Professor Camp- 
bell was from \ 5400 to \ 6900; beyond this, the region of wave-lengths was 
entirely too faint for visual work, and at that time there was no aid of photo-’ 
graphy. Now bythe aid of improved "dry plates these faint spectral regions 
can be studied. At A 7175, is the so-called little ‘‘a’’ band due to water vapor. 
It is this band which could not be studied by the early observers of Mars that 
is now the region of some late new and very interesting work at Flagstaff 
and at other places as well. 

Professor Campbell calls attention to the conclusion reached by Mr. Slipher 
of Flagstaff in the following language, which are Mr. Slipher’s own words :— 

“Aside from reinforcement of the ‘fa’ band at (\ 7175), the spectrum of 
Mars shows no selective absorption not found in that of the Moon photograph- 
ed under the same conditions; that is, the effects of oxygen and water vapor on 
Mars were no more visible in the region \ 5400—\ 6900 of the spectrum than 
were the effects of oxygen and water vapor existing in the Moon!” 

This conclusion from the Lowell Observatory at Flagstaff, Arizona seems tu 
be strong confirmation of the visual observations of Professor Campbell in 1894 
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and of his photographic work in 1895 and of Professor Keeler’s photographic 
observations of 1897. These results are opposed to those of Huggins, Vogel, 


Maunder and others, as careful readers of the results of their work will easily 
remember. 





C. D. Perrine, Astronomer at Lick Ubservatory, has accepted the 

directorship of the Argentine National Observatory at Cordoba, South America. 
He is already on the way to attend the Astrographic Congress to convene in 
-aris, April 19,1909. After a week or twoin Germany and England, he ex- 
pects to leave for Buenos Ayres taking with him the new 190 mm. Meridian 
Circle which has just been completed by the Repsolds for the Cordoba 
Observatory. 

This is a deserved promotion for Mr. Perrine; for the exceptionally fine 
record that he has made for himself as a leading astronomer, and for the 
science of astronomy as well in different lines of research. 

The congratulations of his many friends at home and abroad will go with 
him to his new field of labor, with the lively expectation that the Cordoba 
Observatory under his able directorship will maintain the high place in 
astronomical circles which the eminent Dr. B. A. Gould gave it in the first 
decade of its history. 





Astronomical and Astrophysical Society of America. The 
tenth annual meeting of the Astronomical and Astrophysical Soviety of America 
will open at the Yerkes Observatory, Williams Bay, Wisconsin, on Wednesday 
evening, August 18, 1909. The headquarters of the Society will be at Sunday 
School Camp, which is situated on the shore of Lake Geneva, about a mile 
from the Observatory. Members of the Society may reach headquarters either 
via Williams Bay, a station on the Chicago and Northwestern Railway, or via 
Fontana, a station on the electric line at the head of the Lake. Public steam- 
boats carry passengers from Williams Bay and Fontana to Sunday School 
Camp. 

A Council Meeting will be held Wednesday evening, August 18, and if the 
weather permits, the Observatory will be open that evening to members for 
inspection, etc. 

Regular meetings of the Society will be held at the Observatory on Thursday 
and Friday, morning and afternoon, and on Saturday morning if the program 
requires it. 

The meeting of the Society will close in time to permit those who desire to 
do so to attend the meeting of the British Association for the Advancement of 
Science, which opens at Winnipeg, August 25, 1909. 

W. J. Hussey, 
Secretary. 





Erratum. February number, page 124, a Herculis, should read u« Herculis. 





